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Editorial
BY CARL HELMERS

Vision Systems Are Here
The practical technology of observing scenes

and closing system feedback loops is no longer
an experiment. There are vision products
available ranging from low-cost low-resolution
cameras to high-speed high-resolution sub-
systemswith corresponding interfaces. Software
varies from simple utility routines to complete
object recognition algorithms. This issue
samples the technical issues of how vision
systems work.

THE WHOLE PICTURE
Robotics Age covers the whole field of intelligent
machines and their applications. It covers in-
formation about the products, technology, and
practices of engineering systems that use
modern electronic computer technology inter-
faced to the real world in real time. The topics
range from practical robotic techniques to the
artificial intelligence strategies used to
automatically plan actions of complicated
systems.
Experimentation is where new technology

originates; the personal robot of today is such

2 ROBOTICS AGE March 1985

an experiment. The idea of a personal robotics
market is inspired by the romance of science
fiction, in much the same waythat the romance
of flyinglike a bird inspired aviation in the early
twentieth century. In some forms it is an engi-
neering educational tool intended for persons
wanting to learn about computer control of
mechanisms. The new Arctec Gemini product
is one example.
As an experimental technology, the personal

robotics effort has been likened to the early per-
sonal computer field; there are differences,
however. Quantum jumps in the microelec-
tronics field enabled the multibillion-dollar per-
sonal computer industry to form. Even the per-
sonal computer industry would never have hap-
pened unless people found a use for the per-
sonal computer. The personal computer is in-
herently useful-for those who need it as a tool
of intellectual effort. To date, no one has yet
found the usefulness necessary to drive a per-
sonal robotics marketplace. As an inspiration
to experimentation and research, the personal
robot has a place in the technological world of
intelligent machines. Significant developments

in artificial intelligence research will always be
important and reported through these pages.
What we present is a steady evolution of

engineering concepts along a broad front of in-
telligent machine applications in industrial,
commercial, and experimental spheres. We
combine high-quality technical articles with
news and information about the design, systems
integration, and application of intelligent
machines. During coming months, we'll be em-
phasizing the practical, industrial, and commer-
cial engineering applications of intelligent
machine technology a bit more.

A NEW PUBLISHERAND OTHER CHANGES
This issue represents several changes at
Robotics Age. For those who watch mastheads
of magazines, Christopher Crocker has joined
the Robotics Age team as Publisher, allowing
me to concentrate my efforts on the editorial
end of the magazine. Ray Cote has left the com-
pany to pursue other interests.
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Calendar
MARCH
5-7 and 26-27 March. Advanced Positioning
Technology Seminars. Hauppauge, NY. Con-
tact: Martin Meyers, Seminar Coordinator,
Anorad Corporation, llO Oser Ave., Haup-
pauge, NY ll788, telephone (516) 231-1990.
Anorad Corporation's series of free seminars

is designed to provide engineers, managers, and
technical personnel involved in positioning ap-
plications with a comprehensive overviewof the
corporation's latest developments. The focus of
the seminars will be positioning equipment-
principles of design, CNC and intelligent axis,
controller options, and optical accessories.
There will also be hands-on demonstrations.

5-7 March. Man-Machine Interface. Beverly
Ramada Hotel, Los Angeles, CA. Contact: Con-
tinuing Education Institute, lO889 Wilshire
Blvd., Los Angeles, CA 90024, telephone (213)
824-9545.
The Man-Machine Interface symposium is

directed toward R&D program managers,
technically oriented managers, system
engineers, and system designers. It will address
new tools, guidelines, and methods for the
design of the man-machine interface with
special emphasis on incorporating human per-
formance requirements into system designs.
Also to be discussed are recent and projected
developments involving "natural" man-machine
control of complex systems.

11-14 March. 1985 National Design Engineer-
ing ASME Conference and Short Courses.
McCormick Place, Chicago, IL. Contact: Show
Manager, National Design Engineering Show,
Cahners Exposition Group, 999 Summer St.,
Stamford, CT 06905, telephone (203) 964-8287.
The computer's future impact on automating

the design process and on the creativity of
design engineers will be considered in the two
keynote addresses opening this conference.
There will also be 40 sessions in four areas:
Technical Management, CAD/CAM, Materials
and Processes, and Electro-Mechanical Systems
and Elements, In addition, 19 full-day short
courses are scheduled.

11-14 March. 1985 National Plant Engineer-
ing & Maintenance Show and Conference.
McCormick Place, Chicago, IL. Contact: Show
Manager, National Plant Engineering &
Maintenance Show, Cahners Exposition Group,
999 Summer si., Stamford, CT 06905,
telephone (203) 964-8287.
The show and conference will feature for the

first time a New Products Showcase. Exhibitors'
products and innovations will be judged in
categories.

18-21 March. Westec '85. Los Angeles Con-
vention Center, Los Angeles, CA. Contact: Tom
Akas, SME, PO Box 930, Dearborn, MI 48121,
telephone (313) 271-0777 or George Mentzer,
ASM, Metals Park, OH 44073, telephone (216)
338-5151 ext. 507.
This year's Western Metal & Tool Exposition

& Conference will be sponsored by the
American Society for Metals, the Society of
Manufacturing Engineers, and the American
Machine Tool Distributors' Association. Thirty-
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Calendar: Continued from p. 3

This seminar will give comprehensive
coverage to robotic end effector design tech-
niques, sensors for tooling, compliant devices,
interchangeable end-of-arm tooling devices,
multihand tools, and magnets for tooling. A
number of case-study presentations will look at
robotic end effectors for assembly, material
handling, machine loading, metal cutting, and
welding robotic systems. An added feature will
be end effector vendor tabletop displays.

20 March. The Robotic Assembly Work Cell.
Ontario Robotics Centre, Peterborough, On-
tario, Canada. Contact: Susan Harvey, Work-
shop Registrar, Ontario Robotics Centre, 743
Monaghan Rd., Peterborough, Ontario, Canada
K9J 5K2, telephone (705) 876-1611 (Peter-
borough) or (416) 675-4363 (Toronto).
This seminar is designed for companies and

individuals seeking a practical introduction to
the robotic assembly process.

25-27 March. Applied Robotics for Industry.
East Brunswick, NJ. Contact: Mrs. Edith Webb,
Registrar, PO Box 964, East Brunswick, NJ
08816-0694, telephone (20l) 238-1600 (for
registration) or General Information, PO Box
H, East Brunswick, NJ 08816-0257, telephone
(201) 238-1600.
The purpose of this practical course is to

prepare participants to make informed decisions
leading to successful robotic applicatons. Em-
phasis willbe placed on understanding robotics
technology so potential users can analyze their
particular requirements, evaluate robot
specifications, deal with vendors, make correct
selections, and install a profitable system.

25-28 March. 1985 IEEE International Con-
ference on Robotics and Automation. Marriott
Pavilion Hotel, St. Louis, MO. Contact:
Robotics, PO Box 639, Silver Springs, MD
20901, telephone (30l) 589-8142.
The conference will focus on all aspects of

robotics and automation, including robot
kinematics, dynamics and control, modeling,
simulation, programming languages, CAD/CAM,
computer vision and other sensor-based
systems, manufacturing technology, and
automated inspection. There will also be two
tutorial workshops: Special Topics on Robots
and Special Computer Architecture for Robotics
and Automation.

26-28 March. Vision '85. Cobo Hall, Detroit,
MI. Contact: JeffBurnstein, Robotics Industries
Association, PO Box 1366, Dearborn, MI
48121, telephone (313) 271-7800.
Vision '85 will be the first major exhibition

of machine vision systems and related equip-
ment ever held. A comprehensive technical con-
ference will accompany the show. Over 75 ex-

Continued on p. 31
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Letters

DREAM MACHINE
I am still waiting for the Apple II of the robot

world to come through. I want a 68000-based
open systems bus architecture with a monitor
and keyboard. It should have the capability of
allowing independent smart peripherals. It
should be able to lift at least 20 Ibs. It should
have an arm with reasonable placement ac-
curacy and repeatability. It should have the stan-
dard Polaroid sonar sensors, heat and motion
sensors. It should provide the capability of ad-
ding in voice and video recognition boards ... So
much for my fantasy. .
I am very interested in the world's first robot

table tennis championship. This of course could
lead to countless other possibilities such as a
robot tennis championship ... And who knows-
maybe a robot will eventually winWimbledon ...
Just think of it.. .Mankind might receive two
blows together: while one chess-playing com-
puter wins the chess championship another
agile robot may beat the world's best tennis
player. I mean we could lose in both the brains
and brawn category to these machines.
I have spent a lot of time thinking and review-

ing vision and recognition literature. I feel that
people have been looking at the robot vision
problem from an academic, general-purpose
viewpoint. The research is aimed at general-
purpose solutions which are of neccessity com-
plex and unworkable. My solution is to apply
the technology with an appropriate understand-
ing of the task at hand.
'lake the example of picking up a table ten-

nis ball in midtlight. The general-purpose solu-
tion would be to remove the background clut-
ter, adjust the data for the impact of the robot's
own movement, then look for a moving white
circle. This is a CPU-intensive operation which
willwork but will need some very good search
and match algorithms, along with a fast pro-
cessor. Now suppose you painted the ball with
a special IR retlectant such that if you shine
an appropriate IR light and used the matching
IR filter in your pickup (camera) then the pro-
cessing requirements are eased considerably. In
fact, with the proper equipment there is no pro-
cessing required beside the basic triangulation
to quickly locate the ball and its trajectory. The
system does not have to use IR either. If the
organizers permit then a microwave system
could be used and a matched strip of aluminum
be placed inside the ball. This would permit very
accurate measurements and could lead to very
good response times for the robot players.
Of course, the strip must be light enough

such that it does not affect the trajectory of the
ball. Possibly the ball could get an aluminum

paint coating of the right wavelength. In
general, it is my contention that recognition
systems can be broken down into three cate-
gories. These categories apply to uni-target
systems, i.e. where the system has to recognize
and localize one given target only.
1.Those cases where the target is cooperative.

By cooperative I mean where the target can be
modified to fit the vision system without affec-
ting the performance of the target. In this case,
very simple recognition circuitry is needed and
the brunt of the processing is used to localize
the target. An example is the table tennis ball
with IR paint. In this case the vision system
should see only the ball and nothing else. So
the recognition part is trivial and all that is
needed is to locate it via triangulation.
2. Those cases where the target is fixed and

cannot be modified to match the vision system.
By fixed I mean targets which have fixed shapes
but are fully visible and the system has no trou-
ble recognizing the target. The object of the
system is to localize the target in space-time.
This requires more circuitry than Case 1 as
some processing is required before the target
is identified. An example would be the case
where the table tennis ball cannot be modified
and the vision system has to recognize the ball
before it can locate it.
3. Those cases where the target is hostile. By

hostile I mean where the target is partially visi-
ble or different components of the target are
visible at anyone time. This is the general case
and requires a lot of processing before the target
is recognized. This case requires a very con-
siderable amount of circuitry to try and match
shapes to target. An example would be to try
to recognize aircraft.
It is my contention that a lot of vision prob-

lems are of Case 1 and do not need expensive
recognition and processing. I feel that most
systems are targeted for Cases 2 and 3 when
in fact their objective is to recognize a Case 1
target. This desire for a general-purpose system
independent of the target has bedevilled both
industry and academia and much progress in
robotics has been slowed because everybody is
waiting for a reasonable cost implementation
of Cases 2 and 3. Although this objective is
laudable it should not cause myopia in industry's
eye and prevent the construction of low-cost
Case 1 systems.

Rafe Husain
Member of the Technical Staff
Hughes Aircraft Co.
Ground Systems Group
PO Box 3310
Fullerton, CA 92634
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MINIATURE CCO
CAMERAS: A NEW
TECHNOLOGY FOR
MACHINE VISION

Today, many robots are being equipped
with cameras to recognize objects and pat-
terns as well as to position robot arms. The
video cameras used in these machine vi-
sion applications require a high-quality im-
age for precise placement and measure-
ment; compactness or miniature size due
to space limitations; and long life in dif-
ficult operating environments.
To meet these needs, solid-state cameras

provide an attractive prospect. One new
form of solid-state image sensor is the CCO
(charge coupled device) camera. This im-
age sensor provides perfect image geo-
metry with an array of photosensor ele-
ments in precise rows horizontally and ver-
tically. The pixel arrangement is predeter-
mined in the semiconductor's layout on a
plane of silicon. Thus, the solid-state
camera's geometry is much more precise
than the older vidicon technologies
because pixel scanning is built into the
design. In addition, this new Sony CCO
camera virtually eliminates the smear
phenomenon associated with many earlier
solid-state cameras. The new black and
white video camera uses a CCO image sen-
sor with associated genlocking circuit. For
compactness, its packaging employs a min-
iature two-sided chip mounting technology.
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K.Yamagata,F Nagumo, H. Kosaka
SonyCamera Division

and
H. Kawamoto

Sony Component Products Division
15Essex Road

Paramus, NJ 07652

Photo 1. A semiconductor image sensor. such as this
Sony CCD camera. can be quite compact. The
miniaturized electronics make its size comparable to
a human hand. Internal structure is shown by the up-
per image. taken without its cover.

CAMERA CONSTRUCTION
An internal and external view of the CCO
camera can be seen in Photo 1. Note that
its solid-state structure contributes to its
small size, allowing it to fit in the palm of
the hand.
A functional diagram of the camera can

be seen in Figure 1. The camera consists
of a camera module and genlock unit. The

camera module contains both the CCO
clock driver and video signal processor.
The driver uses CMOS integrated circuits
while the video processor, which includes
sample and hold for the CCO output, auto-
matic gain control (AGC) and automatic
iris control (AIC), employs bipolar in-
tegrated circuits. The driver and processor
are packaged in a box measuring 1-1/8 by
1-1116 by 2-7/8 in. and weighing 4.1 oz.
The genlock unit is used to lock the

camera clock against an external horizon-
tal drive pulse (ext HO) and an external ver-
tical drive pulse (ext VO)where HO is har-
monically related to VO. The unit consists
of a phase comparator (PC) which is part
of a phase-lock loop made of the VCOand
sync generator (SG) in the camera module.
Thus the internal HO and CCO scanning
clocks are phase locked against the exter-
nal HO. The external VO determines the
timing of the start of frame scanning.

CCD IMAGE SENSOR
The solid-state image sensor is extremely
low in geometrical distortion since its pix-
els are prealigned in the layout design.
Previously, solid-state sensors exhibited a
tendency to smear when shooting bright
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CAMERA MODULE GENLOCK UNIT

TI MING GEN. SYNC GEN.
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Figure 1. Camera System Diagram. The CCD camera consists of two major modules. The Camera Module contains the CCD image sensor, timing and sync genera-
tion circuitry, a CCD sensor output sample/hold circuit and a final output processor to generate a standard video signal. The Genlock Unit contains electronics
to phase lock the horizontal and vertical drive of the camera to an external source, such as computer system which must accept images from multiple cameras.

q,V2 q,Vl

f-
U.

Ien

Figure 2. Structure of CCD Image Sensor. This is a schematic representation of the sensor array. At each
pixel location, the amount of light present determines a charge value that can be transferred to the ele-
ment's charge coupled device shift registers. Every 1/30th of a second, the charges present at the entire
array of pixel locations are transferred into an array of vertical shift registers. A characteristic of charge cou-
pled device shift registers is that the analog (not digital) amount of charge is transferred from one stage
to the next at each clock pulse. At each vertical clock pulse, the output of all the vertical shift registers
is transferred into the horizontal shift register. At each horizontal drive clock pulse, one of the horizontal
shift register cells is transferred to the output amplifier.
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spots. Such smears lessen picture quality
and can cause errors in image measure-
ment. ("Smear" should be distinguished
from "blooming;' which occurs when elec-
trons in the photosensor overflow to the
vertical register. Blooming suddenly ap-
pears when the light level exceeds a fixed
threshold. The length of a vertical bright
line, caused by blooming is sometimes
shorter than the total vertical length of the
screen.)
To remove the smear, Sony developed a

new interline transfer-type CCO image sen-
sor. (H. Matsumoto et aI., "Interline
Transfer CCO Imager with MOS Photosen-
sor Using High Resistive Substrate;' The
Journal of the Institute of Television
Engineers of Japan. Vol.37, No. 11, 1983).
The structure of this CCO image sensor
is shown schematically in Figure 2. The
sensitivity spectrum of the CCO camera,
which extends over a visible region to a
near infrared region, is plotted in Figure 3.
In the inter-transfer-type CCO, the elec-

trons generated in the photosensor are fed
into the vertical shift register simultaneous-
ly every 1/30 second. When infrared light
enters the CCO image sensor, it passes
through the depletion layer and reaches
the neutral region underneath. Electrons
are generated in the neutral region and dif-
fuse into the vertical shift register.
To protect the imager from smear, the

new CCO sensor by Sony uses a highly
resistive substrate which increases the
depth of the depletion layer and thereby
makes it more difficult for infrared light to
reach the neutral region. In addition, the
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Figure 3. Sensitivity Spectrum. The relative response
of the CCO Image Sensor to light versus wavelength
is plotted in this diagram. The dotted line shows a
response curve of an infrared cut filter which is op-
tionally used to lessen the effect of the peak at the
lower end of the sensitivity spectrum.

vertical register is so structured that it is
surrounded by a p-type well. As a result,
smear has decreased to one-tenth of that
for structures which do not use a highly
resistive substrate and p-type well.
In the interline transfer-type CCO im-

ager, all of the electrons in the photosen-
sor may not be transferred to the vertical
register. The incomplete transfer of elec-
trons can cause image lag. The problem
may be more serious when a photodiode
type sensor is used. The current CCO im-
ager is an MOS type sensor having a thin
polysilicon electrode. This electrode
enables a complete transfer of electrons
from the photosensor to the vertical
register. Thus, the problem of image lag
has been eliminated.

EXTERNAL GENLOCKING
Three harmonically related clock pulses
are needed to operate a CCO camera: a
CCO scanning clock (<PH)'horizontal drive
pulse, and vertical drive pulse. The fre-
quencies chosen for the current CCO im-
ager are:

CCO scanning clock:
f<PH= 7.15909 MHz

horizontal drive pulse: fHD= f<l>H/455
vertical drive pulse: fvo =2fHO/525

Therefore, three external pulses cor-
responding to <PH,HO 'and VO are re-
quired for genlocking. Among the three,
the frequency of <PHis as high as 7 MHz.
Since the transmission of the <PHis not
desirable from a system point of view,
genlocking has been worked out with on-
ly HO and VO. The internal horizontal
drive is generated by counting down the
<PHpulses.

1.2

The phase lock loop consists of ·a sync
generator and a voltage controlled
oscillator (VCO)in the camera module, and
a loop filter (LPF) and a phase comparator
in the genlock unit. The signal CK, shown
in Figure 1, is the output of the voltage
controlled oscillator and and has a fre-
quency of 14.31818 MHz. The CK signal
is fed to the sync generator where it is
counted down to provide the internal HD.
Next, the internal HO signal is fed to the
phase comparator where the phase dif-
ference between the internal HO and ex-
ternal HO signals generates a control
voltage (VCTL).When the phase lock loop
is stable-i.e. "genlocked--the fCKcan be
represented as:

• Dense packaging. Use of high den-
sity two-sided chip mounted PC boards.
These can be seen in Photo l's top im-
age of the camera's internal parts.
• Radiation fin cooling. To cool the

densely packed camera, a radiation fin
is used to dissipate heat to the outside
of the camera module. This method of
cooling was selected because it was felt
that convection cooling would not work
efficiently in so densely packed a device.
Radiation fins are also mounted in the
cover, which radiates the heat generated
in the central region of the camera
module.
• Miniature lenses. Sony developed

mini bayonet mount lenses for use with .
the CCO camera. An F 1.4 f 16 mm lens
weighs only an ounce. A corresponding
lens would be several times heavier.
There is also a C mount adaptor to ac-
commodate C mount lenses.

CAMERA APPLICATION SYSTEM
DESIGN CONSIDERATIONS

The CCO camera module's performance
appears in the specifications listed here.
Applications suitable for this camera are
many. Of particular interest in the robotics
field is the precise image geometry
achieved through its solid state design.
Variations from one camera to another are
minimized and translation of image infor-
mation to real-world geometry is made
more reliable than in older vidicon
technology.
There are several considerations to keep

in mind when interfacing a CCo camera
with a video computer system. For one, the
CCo camera can be either a slave or a
master of the computer. When the CCO
acts as master, the clock in the camera dic-
tates the clocking of the computer.
Generally, the computer separates the sync
pulses from the video composite signal
generated in the camera. But when the
camera acts as slave and the computer as
master, the clock In the computer dictates
the clocking of the camera through a
genlock unit.
The advantage in the camera as master

is that cameras of different designs can be
interfaced to the same system as long as
the cameras conform to RS-170 standard.
However, only one camera at a time can
be linked to the computer. When the
camera is a slave using the genlock tech-
nique, multiple cameras can be interfaced
to the same computer. This is a significant
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The voltage controlled oscillator is
tuned by means of an LC (inductance-
capacitance) circuit and can adjust its fre-
quency within a much wider range than a
crystal oscillator (see Figure 4). The lock-
in range for the phase lock loop is ± 1 per-
cent. For comparison, the lock-in range of
a crystal oscillator is typically ±0.003 per-
cent. It should be noted that the external
VO is used to form an initializing pulse
which determines the timing of the start
of the frames.

L

VCO~
CONTROL 1

Ln
Figure 4. Voltage Controlled Oscillator. A wide fre-
quency range (± 1 percent) is achieved with this LC
tuned voltage controlled oscillator used as part of the
camera's "genlock" technique to phase lock scanning
with an external horizontal drive source. If the camera
were to use internally generated control timing, a
crystal oscillator would have been appropriate instead.

MINIATURIZATION
Because CCO cameras are becoming an
integral part of machine vision systems,
and frequently must be mounted on the
moving parts of robots, size and weight
become important considerations. To
reduce size and weight, Sony has im-
plemented the following design strategies:



benefit for machine vision systems that
must quickly inspect complex surfaces
such as interior car panels and therefore
need multiple eyes to keep pace with pro-
duction line runs.

SPECIFICATIONS

Special mini bayonetiC mount with adaptor
Flange back length: 8.5 mm (in air)
Lens filter: 25.5s
525 lines, 59.940 fields/see, 2:1 Interlace
1.0 V pop sync negative, 75 ohms
280 TV lines
350 TV lines
400 luxes, F4 (3200° K, with infrared cut filter)
3 luxes, F1.4 (without infrared cut filter)
more than 46 db (AGC off; 0 db)
12 VDC to power unit, 24V/9.5V/5V to camera module
2.3 W (Camera module only), 2.9 W (Camera rnodule+ Power
unit), 3.0 W (Camera module + Power unit +Auto iris lens)
Camera module 115 9
Power unit: 100 g
Standard lens: 38 g
Auto iris lens: 50 g, 62 g (with cable)
- 30°C to + 60°C
O°C to 40°C
7 G (11 Hz to 200 Hz)
70 G
3000 hours (30000 hours in the limited condition)
more than 12000 hours

Optical system:

Scanning system:
Video output:
Horizontal resolution:
Vertical resolution:
Sensitivity:
Minimum illumination:
SIN ratio:
Power requirements:
Power consumption:

INTERLACE/NONINTERLACE

The design engineer must also consider
whether he wants to use the camera in an
interlaced mode or a non interlaced mode.
The CCD camera is designed to generate
a signal conforming to the RS-170 stan-
dard. This means the signal is interlaced
with two fields, forming one frame. There
are 525 horizontal scanning lines within
a frame. The frame repeats at a rate of 30
frames per second. The advantage of the
interlaced mode is that the vertical resolu-
tion is twice as much as that of the
non interlaced mode. In the noninterlaced
mode, there are typically 262 horizontal
lines within one frame. The frame repeats .
at a rate of 60 frames per second. The ad-
vantage of noninterlacing is that images are
supplied twice as fast as with the interlace
mode.

Weight:

Storage temperature:
Operating temperature:
Vibration resistance:
Shock resistance:
MTBF:
Product life:
Power voltage tolerance: Power Unit 12V: ± 10%

Camera Module 24V: ± 0.8V
+0.3V

9.5V -0.2V

5V +0.3V
-O.2V

25% to 90%
30% to 70%

Storage moisture:
Operating moisture:

ty-built into the camera is designed to com-
pensate for the nonlinearity that exists in
cathode ray tubes used for display. In
machine vision applications the designer
might choose to disconnect the gamma
correction. This can increase the contrast
between the dark image and the bright im-
age. When the designer is using gray scale

GAMMA CORRECTIONI
NO GAMMA CORRECTION

AGCINO AGC
In applications where the video output is
the measure of the light intensity, the
automatic gain control (AGC) should be
disconnected. When it is disabled under
. certain light conditions, the camera may
present images with higher contrast.

The CCD camera for use in video applica-
tion generally has a gamma correction cir-
cuit which can be expressed as y = X045

where y is the video output level and x is
light intensity.This exponential nonlineari-

)B/W
MONITORVIDEO

CLAMPER

PICTURE MEMORY CONTROLLER

SYSTEM BUS

SYSTEM CONTROLLER
(MICRO COMPUTER)

HOST COM PU TER

Figure 5. Typical Image Analysis System. The CCD Camera in a typical use feeds an image analysis system such as this. The system features a local controller
and picture memory to store and analyze images. The hardware of the "picture memory controller" in this diagram is often provided on a plug' in board for one
of the standard computer .ndustry busses such as the Std Bus, DEC Q-Bus, IBM PC-bus, or the S-lOObus. A local system controller function can then be provided
by a standard microcomputer that often communicates with a host computer for an entire automation application.
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digitizing, a linear characteristic is more
readily handled than a nonlinear
characteristic.
Although the Sony CCD camera module

described here has both automatic gain
control and gamma correction and is
designed as a slave to the computer
operating in the interlaced mode, it can be
modified easily to offer all the options
previously discussed.

IMAGE MEASUREMENT SYSTEM

A block diagram showing the CCD camera
as an input device for an image measure-
ment system is shown in Figure 5. Here,
a picture memory controller generates a
master clock, external HD and external VD
which the genlock unit uses to phase lock
the CCD camera. The video signal from
the camera is digitized and stored in the
picture memory, which acts also as a buf-
fer memory and a refresh memory. The
digital video signal is fed through the
system controller to the host computer. A
local display of processed data is produced
from the digitized signal and fed through
display conversion circuitry to a B!W
monitor for display.

SUMMARY
The design of the new Sony CCD camera
discussed was intended to satisfy the needs
of machine vision applications. In the CCD
image sensor, the vertical shift register,
highly resistive substrate and powellstruc-
.ture combine to reduce smear to one-tenth
of previous CCD camera designs. The
genlocking unit has been designed with an
inductance capacitance oscillator which
provides for a locking range of ± 1 percent.
For miniaturization, the CCD cameras
design'has extensively employed low-power
integrated circuits and, two-sided chip
mounting techniques. To dissipate heat,
radiation fins were employed. Finally, two
miniature lenses were designed to provide
extra light lenses.
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VISION
AND THE COMPUTER:

AN OVERVIEW
Giving the computer the gift of sight can
open exciting new worlds of man-machine
interaction. The ability to see allows the
machine to make decisions based upon the
presentation of visual imagery, a task often
taken for granted by humans. Furthermore,
the computer can act as a tool for the
enhancement, restoration, and storage of
image scenes for human interpretation. In-
deed, the computer's capacity to see
represents a major step in the evolution of
machine intelligence.
Digital image processing, where image

information is processed digitally rather
than by other means such as optics or
analog electronic circuits, found its first
major use in the United States space pro-
gram. Space exploration programs used
digital techniques for image archiving and
processing as far back as the early 1960s
(see References 2,4). Mainframe computers
were used for the image processing com-
putations while special-purpose electronics
provided the storage and display of the
digital image upon a television monitor.
Although the techniques for processing
digital image data were based on well-
known discrete-time mathematics, it wasn't
until this time that the need and the elec-
tronic technology for digital image storage
and display came of age.
Commercial digital image processing

systems began appearing on the market in
the mid-seventies. These machines pro-
vided the necessary hardware for captur-
ing images from standard television signals
as well as storing and displaying them.
Software to carry out many common im-
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age processing functions provided digital
image processing capability to the in-
dustrial user. Today,with the advent of in-
expensive, high speed analog-to-digital
converters and cheaper, denser semicon-
ductor memory devices, the digitization,
storage, and display of television video im-
ages are now possible at prices unheard
of a few short years ago.
Today,the microcomputer can bring im-

age processing right into many application
environments. Although slower than some
special-purpose image processing ma-
chines, microcomputer-based systems can
provide valuable capability to the low-level
user. Anymicrocomputer can take the form
of a complete digital image processing
workstation providing image digitization,
storage, display, and processing.
This article gives an overview of the

typical hardware and software required to
perform digital image processing with low-
level microcomputer implementation kept
in mind.

HARDWARE FOR
IMAGE CAPTURE, STORAGE AND DISPLAY

The typical digital image processing system
works with standard television format
signals as its input and output. So, before
a microcomputer can do any image pro-
cessing, the means to capture, store, and
display an image frame must be provided.
Further, an appropriate interface to allow
computer access to the image storage
memory must be available. These bare
minimum functions must exist in periph-

eral hardware to support a computer in its
quest to do image processing. Additional
hardware can then be added to enhance
the speed of certain image processing
tasks.
Let's start by discussing the peripheral

hardware necessary for a microcomputer
to capture, store, and display a single frame
of video from a live video source for subse-
quent processing. The monochrome video
signal format used in the United States is
the RS-170 standard used for black and
white television transmission. This stan-
dard is a subset of the National Television
Systems Committee (NTSC) color specifi-
cation containing only monochrome video
information. Image processors typicallyuse
this signal format for black-and-white work.
When color processing is involved, three
RS-170 signals are often used to carry the
red, green, and blue color information.
The RS-170 standard defines the video

composite signal that carries the visual and
synchronizing information necessary to
reconstruct a transmitted video image.
Under this format, the video image frame
is defined as containing 525 lines in a 4:3
(horizontal" to vertical) aspect ratio. A new
frame is transmitted every 1/30 of a second
in an interlaced scan pattern. Interlaced
scan means that first a field of 262.5 lines
is transmitted covering the entire image
frame followed by a second field of 262.5
lines interleaved between the lines of the
first field.
Working within the limits of the RS-170

signal format, a maximum of 525 lines can
be contained in the ultimately digitized im-
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age. Often image processing systems will
digitize to a vertical resolution of either
256 lines (single field) or 512 lines (full
frame) because of the even binary qualities
of these numbers.
The RS-170 signal has an inherent band-

width limit that provides for no more than
about 400 or 500 pixels of horizontal
resolution. Additionally, each pixel carries
a brightness resolution of between 100 to
200 levels spanning the range of grays from
black to white.
As a result, digitizing a video line to 512

pixels with a brightness resolution of eight
bits per pixel will fully capture the infor-
mation contained in the RS-170 signal line.
Many systems, however, digitize to a
horizontal resolution of 256 pixels with
either six, seven, or eight bits of brightness
resolution and maintain respectable image
quality. The images seen in the photos ac-
companying this article all consist of 256
lines by 256 pixels by 7 bits per pixel.
In order to discuss the mechanics of the

hardware involved in capturing a video im-
age we will set the requirements of the
system to capture, store, and display an im-
age of size 256 lines by 256 pixels. Each
pixel willbe quantized to eight bits, or 256
gray levels. Furthermore, the hardware will
support access to the image memory by the
host microcomputer for image-processing
tasks.
The image processor's front-end hard-

ware must take in RS-170 video, massage
it with various analog preprocessing cir-

INPUT
PREAMPLI FIER

R 5-170
VIDEO

IN

RS-170
VIDEO

OUT

cuitry, and convert it to a stream of digital
values using a high-speed, "flash:' analog-
to-digital (AID) converter. The input analog
functions consist of a preamplifier to buf-
fer the signal from the transmission line,
a black level clamp to reference the AC
coupled video to a known DC voltage level
and a sync separator to recover the syn-
chronizing information for system timing
and control. The AID converter takes this
analog voltage waveform and converts it to
a stream of 8-bit pixels for storage in the
image memory.
The image processor's back end must

accept pixel data from the image memory,
convert it to an analog signal using a high-
speed digital-to-analog (D/A) converter, and
process it through an output amplifier.The
output amplifier serves to mix back in syn-
chronizing information as well as to buf-
fer the outgoing signal. The resulting
RS-170 video can then be fed to a stan-
dard video monitor for display. Figure 1
illustrates the front-end and back-end
analog processor hardware needed by a
digital image processing system.
Between the front-end and back-end

analog processing sits the most essential
portion of the image processor, the image
memory. It is here that our digital image
sits for processing by the host microcom-
puter. In addition, the image memory must
accept incoming video data from the AID
converter for storage and provide outgo-
ing video data to the DIA converter for
display. Of course, a port into the memory

}

for microcomputer access must be
provided.
The design of this memory array involves

a few tricks in order to handle the re-
quirements of this high-speed data flow.
The image memory is an array of semicon-
ductor memory organized to satisfy special
timing constraints. Let's review the re-
quirements for a 256 line by 256 pixel by
8 bit per pixel system. Our source video
is streaming through the AID converter
and being presented to the memory in a
digital form at the rate of 5 MHz, or 200
ns per pixel. This rate is defined by the
-RS-170 specification. The video line has
a duration of about 63 JAS, of which 53 JAS
contain the active visual portion of the line
and 10 JAscontain the line synchronization
information. Dividing the 53 JAStime by
256 pixels yields a pixel time of 207 ns
(200 ns for our purposes here.)
The display monitor also requires a

video output of a pixel's data every 200 ns.
The microprocessor wants fast random ac-
cess to the image memory for the image
processing operations invoked by the
operator. Although these requirements may
seem stiff, there are ways to satisfy them
all with an appropriate design.
Typically, dynamic RAM chips, rather

than static RAMs, are used for the image
memory because of their high density and
low power requirements. Also, because of
the periodic nature of the video scanning
process, the dynamic RAM array is re-
freshed as an inherent feature of the se-

VIDEO DATA IN
(TO IMAGE MEMORY)

N

VIDEO DATA OUT
(FROM IMAGE MEMORY)

OUT

Figure 1. Typical digital image processor analog input and output circuitry. In this diagram, the left side is the world of RS-170 video. The right side is the world
of digital information and memory timing in a processing system.
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quential and repetitive timing of the
system. As static RAM technology im-
proves, however, use of these devices may
look more attractive than dynamic RAMs
in the future.
A 256 line by 256 pixel by 8 bits per pix-

el system requires 64 Kbytes of image
storage memory. On first inspection, it
seems that eight 64 K RAM chips would
satisfy the storage requirement, and indeed .
they do. Looking at the timing re-
quirements, however,we must write incom-
ing pixel data and read outgoing pixel data,
two memory cycles, every 200 ns. Further-
more, we need to give the microcomputer
access to the image memory without in-
terfering with the capture or display pro-
cesses. Currently available dynamic RAMs
have an average cycle time ori the order
of 200 ns to 400 ns; we will assume the
worse case, 400 ns, for this discussion. In
order to work with available dynamic RAM
chips, we must use a memory architecture
employing pixel buffering and wide data
width in and out of the array.
The problem may be solved by using 16

Kx 4-bit chips. With eight of these chips,
64 Kbytes, we obtain the necessary storage

INPUT PIXEL BUFFER
4 - 8 BIT LATCHES

8 BITS

space and have a datawidth of 32 bits in
and out of the array (see Figure 2). 'The
32 bits represent four 8-bit pixels, so by
buffering four pixels from the incoming
video we must perform a write cycle only
every 800 ns. Likewise, by buffering four
outgoing pixels from the image memory,
a read cycle need be executed only every
800 ns. By using the read-modify-write cy-
cle supported by dynamic RAMs, we can
actually read the four outgoing pixels and
write the four incoming pixels all in the
same cycle.With a basic dynamic RAMcy-
cle time of 400 ns, we have time for an ad-
ditional 400 ns read or write cycle every
four-pixel time period. This cycle, or
course, is used as an external access to the
array by the host microcomputer for pro-
cessing. Figure 3 illustrates this basic
memory cycle timing.
We have just described the basic con-

figuration for a 256 line by 256 pixel by
8 bit per pixel digital image processing
peripheral. Image capture, storage, and
display are handled autonomously and in
synchronism with the input video signal.
The host microcomputer is allowed
transparent access to the image memory

DYNAMIC RAM ARRAY
4 BANKS OF
2-16K x 4 BIT RAMS

every 800 ns, which typically will not bog
down the microcomputer in its input/out-
put operations.
The extrapolation to a 512 line by 512

pixel by 8 bit per pixel system is straightfor-
ward and can be described in two simple
steps. First,. the memory array must be
quadrupled to 256 Kbytes. Second, the
pixel buffering in and out of the array must
be increased to eight pixels. These two re-
quirements maintain the timing of the
original design and satisfy the increased
pixel bandwidth.

COMMON PROCESSINGOPERATIONS
Processing of digital image data arrays may
occur through either hardware or software
implementations. Often hardware means
are used when large numbers of images are
to be processed repetitively by a particular
algorithm. Hardware methods are almost
always considerably faster than software
methods. The tradeoff is that hardware im-
plementations are usually considerably
more expensive than software and, hence,
are usually reserved for special-purpose ap-
plications. Also, a hardware design has

OUTPUT PIXEL BUFFER
4 - 8 BIT LATCHES

8 BITS
VIDEO DATA IN

(FROM AID CONVERTER)r-+--~--1

NOTE: MEMORY DATA FLOW TYPICAL
FOR ALL FOUR BANKS

8 BITS

1t RAS}'-------':'~=:=-S-- DYNAMIC RAM CONTROL

(FROM SYSTEM CONTROLLER)
ADDRESS

Figure 2. A 256 line by 256 pixel by 8 bit per pixel image memory architecture can be built around eight dynamic random access memory chips each with 16K
by 4-bit organization (64K bits total per chip.) This diagram shows the data flow architecture which uses an input 4-pixel buffer to match the slower speed of
memory chips to the higher speed of video information.
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HOST COMPUTER CYCLE IL-----------l

READ (HOST COMPUTER)
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WRITE (HOST COMPUTER)

VIDEO IN/VIDEO OUT CYCLE
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L
I
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I

r------ -- --,
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HOST COM PUTER CYCLE
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Figure 3. Basic memory cycle timing for a typical image processing system. Alternate phases of the memory
cycle allow image memory access by the host computer and the video image input/output conversion pro-
cess. The video phase of the cycle always performs a read and a write access to the dynamic RAM image
array. The computer phase of a typical system has either a read or a write access. This timing method assures
that the image as seen on the output monitor or as captured from the video source is never subject to dropouts
or glitches due to computer access.

none of the flexibilityinherent in software.
In the typical digital image processing

system, only certain simple processing
operations are contained in hardware, with

more complex processing limited to soft-
ware implementation.
Image processing operations can be

broken into several classes from which
three broad categories are defined: image
enhancement, image analysis, and image
coding. Each group deals with a particular
set of operations used to perform a varie-
ty of related functions. Image enhancement
operations serve to improve an image's
quality, based on the desires or require-
ments of the user. Image analysis opera-
tions, on the other hand, produce infor-
mation about an image. For instance, a
statistical breakdown of the qualities of an
image may be generated. Image coding
operations are the group of functions used
to reduce an image in data size. These
operations are often used when an image
is to be stored or transmitted in order to
reduce storage space or transmission
bandwidth.
For the purposes of this article we will

primarily discuss enhancement operations,
because of their popularity and widespread
use. One important image analysis tool, the
image histogram, will also be covered.
Image enchancement operations can be

broken into two categories: subjective
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enhancement and objective enhancement.
Before enhancing an image, the question
to ask is: are we enhancing the image for
an apparent increased quality (subjective)
or correcting it for some known degrada-
tion (objective)? In the first case, the at-
tempt is made to derive more visual
knowledge from the image as it stands, and
the operations are applied at the viewer's
discretion.
Objective enhancement attempts to cor-

rect some known degradation that the im-
age has encountered and hence does not
necessarily strive for a more appealing im-
age. For instance, if the original image was
of low contrast, then it may very well be
the goal of an objective enhancement to
recover the image as it originally existed-
low contrast. The followingoperations may
be applied to either subjective or objective
enhancement without distinction other
than to its application.

Contrast and brightness enhancement:
The most basic operation applied to any
digital image is that of contrast and
brightness enhancement. In its most basic
form, this class of operations allows an im-
age's gray scale occupancy to be altered.
In an image processing system with pixels
represented by 8-bit values, the gray scale
has a brightness range of 0 to 255, where
o equals black and 255 equals white. In
any given image, however, pixel brightness
may span a range of. brightness not
necessarily covering the entire available
gray scale range.
This is often the case when imaging low-

contrast scenes. For instance, an image
with the gray scale distribution lumped in
the center of the available gray scale in-
dicates low contrast; few dark grays and
blacks as well as light grays and whites ex-
ist. An image histogram plot of the bright-
nesses can provide information regarding
the gray scale occupancy of the pixels in
the image.

Brightness sliding involves the addition
or subtraction of a constant brightness to
all pixels in the image. Contrast stretching
(or shrinking) involvesmultiplying or divid-
ing all pixels by a constant brightness. By
using these two operations, we may equa-
lize an image's gray scale occupancy to
span the entire range of the available gray
scale (see Figure 4). Typically,an image of
increased-contrast balance yields more ap-
parent detail and sharpness. Brightness
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Figure 4. The contrast and brighness enhancement process. This highly symbolic diagram represents the
possible pixel values by its vertical dimension and the process applied as transition from left to right. The
actual changes per pixel are accomplished by mathematical calculations. Going from left to right, we slide
the brightness down to the point where the lowest brightness in the actual image corresponds to zero (total
black). Then we multiply by an appropriate scale factor so that the brightest pixel values (white) correspond
to the greatest integer in the range.

dimensions of the convolution techniques
all too familiar to the electrical engineer
studying signal processing theory. For each
input pixel within an image we calculate
an output pixel based on a weighted
average of it and its surrounding
neighbors. Typically,a three pixel by three
pixel neighborhood is used for this calcula-
tion although larger neighborhoods may
be used for added flexibility.With the cor-
rect selection of weighting coefficients, we
can form highpass, lowpass, and various
edge enhancement filters.
In carrying out a spatial convolution,

nine weighting coefficients are defined and
labeled A through 1.The brightness of the
input pixel being evaluated and its eight
immediate neighbors are each multiplied
by their respective weighting coefficients.
These products are summed, producing a
new, spatially filtered output pixel
brightness (see Figure 5). This operation
is applied systematically to each pixel in
the input image, resulting in a spatially
filtered output image. Figure 6 illustrates
common filter coefficient sets and their ef-
fects upon an original image.

Image Combination: The combination of
two or more images is often useful in the
enhancement process. Summing images
provides the basis for image averaging,
which is often used for suppression of
noise within an image. Image subtraction
can be used to detect the movement of ob-
jects between two similar image frames.
Subtraction can also be used to remove
scene objects contained in one image and
not in another. Finally, Boolean logical
combination of images can be used to in-
sert portions of one image into another.
Image combination of two images is done
pixel by pixel over the entire image space;

sliding and contrast stretching are often
applied to raw images as an equalizing step
to correct for poor original images due to
low light and other conditions.

Spatial Filtering: A second class of image
enhancement operations in popular use is
known as spatial filters. These operations
create an output image based on the
spatial frequency content of the input im-
age. An image may be represented as an
array of two-dimensional frequency com-
ponents of varying amplitudes and phases.
This representation is known as a Fourier
decomposition. Spatial filtering allows the
separation of these components in an im-
age. On a pixel-by-pixel basis, an output
image is generated based on a pixel's
brightness relative to its immediate
neighboring pixels. Where a neighbor-
hood's pixel brightnesses make rapid tran-
sitions from light to dark or vice versa, the
image may be said to contain high frequen-
cy components. A neighborhood of slowly
varying pixel brightnesses represents low-
frequency components.
A spatial filter attenuates or accentuates

the two-dimensional frequency content of
an image. These operations may be used
to bring out an image's high-frequency
details, yielding a sharper image. Alter-
natively, the high-frequency details may be
attenuated, yielding a low-passed image of
little detail. Of great importance to
machine vision systems is the ability to
bring out the edge detail in an image. Edge
enhancement can allow the image process-
ing system to make edge-to-edge boundary
distance measurements as well as provide
the base of information necessary for
automated image understanding.
Spatial filtering is carried out using

spatial convolution, an adaptation to two
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Figure 5. The image convolution process. In a typical
image convolution process, the brightness of each pix-
el in the neighborhood of the pixel being examined
is multiplied by its corresponding coefficient. The
resulting nine values are summed to produce the new
value of the pixel being examined, a weighted sum
of its nearest neighbors. An output image array O(x,y)
is produced by performing the calculation on each
input pixel I(x,y) using an appropriate software
algorithm or special- purpose hardware device.
corresponding spatially located pixels from
each input image are combined to form a
composite output pixel at the same spatial
location in the output image.

Geometric Operations: Geometric scaling,
translation, rotation, and perspective
manipulations of images are typically used
prior to combination or enhancement
operations. Often these operations are
used in order to bring two images of similar
content into register. Patching of several
images into one composite may be facili-
tated by these operations, analogous to
cutting and pasting several prints together
into one.
Geometric operations used upon image

arrays are usually handled by software
routines similar to those used by computer
graphics packages. Of major importance
to images, though, is that of spatial inter-
polation. For instance, when an image is
rotated, its square input pixel grid locations
willgenerally not fall onto square grid loca-
tions in the output image. The actual
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Figure 6. The effects of simple convolutions. Each choice of an array of convolution coefficients has a dif-
ferent effect on the output image. Here we show four such choices as an image at the left and its convolution
matrix at the right. In the first example (a), we show the case of "no change." If the only non-zero coefficient
is 1 in the center of the matrix, weget the original image. At (b)we show a convolution which simply averages
the nine elements of each neighborhood, reducing image detail, At (c) is a high-pass filter showing enhanced
detail. And finally, by altering one coefficient in the (c) matrix, we produce the edge-enhanced convolution
of (d). Edge enhancement is the first step in many algorithms for pattern recognition useful in robotics.

brightnesses in the output pixel locations
must be interpolated from the spatialloca-
tions in which the rotated pixels were
calculated to land. Differing interpolation
schemes can produce rotated images of
varying quality.
The operations described here art simp-

ly the most commonly used functions in

digital image processing. Many others, in-
cluding derivatives of these operations, are
in use today, covering a wide variety of ap-
plications. Often highly customized
routines are designed in order to work with
the input images available to a particular
application and the desired end results.
The reader interested in expanded
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knowledge of these operations and many
others should refer to the additional
reading list at the end of this article.

THE APPLICATIONS

Digital image processing is a multi-
application field. Because it deals with pic-
tures, most any application requiring the
enhancement, restoration, analysis,
understanding, storage, or transmission of
images is a prospective use.
Probably the most visible form of digital

image processing that the public sees dai-
ly is found on commercial television. The
lavish geometric manipulations of live
video on the evening news or sporting
event coverage represent the use of expen-
sive real-time image processors. These
machines perform image perspective
alterations and special effects upon the
scenes. The image-processing hardware in-
volved in this equipment currently costs
upwards of $50,000. The networks and
local broadcasters rationalize their expen-
sive use as image builders, an essential in-
gredient in the highly competitive commer-
cial television environment.
Aside from real-time video image pro-

cessing, the image processors described in
this article are used in considerably more
technical environments. Probably the most
prevalent use is in geographic mapping.
LANDSATsatellite images of the Earth are
collected daily in high volume requiring ex-
pedient processing and archival. These im-
ages must be enhanced, colored, data
compressed, and stored for distribution to
the end user, often researchers in the oil
and agricultural industries. The archiving
of the vast number of images for later
retrieval alone presents an interesting
challenge in image data compression and
storage.
Medical diagnostic equipment such as

Computerized Axial Tomography, ultra-
sound scanners, and X-ray imagers use
digital image processing extensively in their
processes. CAT scanners in particular re-
quire large amounts of geometric image
processing. These systems derive synthetic
cross-sectional images from a set of
originals taken through low-intensity X-ray
photography around a subject. Medical im-
aging equipment often employs custom
hardware facilitating the specific image
processing tasks required by the
application.
Factory automation applications have

employed vision systems to monitor and
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coordinate automated assembly and in-
spection equipment. For instance, in an
assembly line monitoring system, a camera
will "watch" a conveyor loaded with parts.
Each time a new part is under the camera,
the image is captured into the image pro-
cessing system. The host computer can
preprocess the image by executing an edge
enhancement operation.
From the edge information it can then

perform analysis operations such as the
measurement of certain predetermined
physical dimensions of the part. These
measurements are used to reject or accept
the part based on dimensional tolerances
set by the user. This application of digital
image processing has greatly enhanced the
factory inspection process by simultaneous-
ly automating it and improving the meas-
ured accuracies.

b

Using HiSlograms 10All/usllhe Gray Scale
An important image analysis operation is the image histogram. The histogram gives a
graphic display of the gray scale occupancy of an image. The two axes are labeled
brightness and number of pixels, where the units of brightness range from 0 to 255 in
the case of an 8·bit gray scale. This graph allows us to view an image's brightness distribu-
tion, helping in the application of the appropriate brightness sliding and contrast stret-
ching enhancements.
The typical objective is to enhance an image's contrast such that the gray scale oc-

cupancy spans the entire range of the gray scale. Looking at the histogram plot, the cor-
rect amount of sliding and stretching becomes evident. Photo a and Figure b illustrate
a low contrast image and its histogram. As evidenced by the clump in the center of the
histogram, few low brightnesses below 55 and high brightnesses above 146 exist in the
image. Therefore, the gray scale occupancy of this image resides between 55 and 146.
To enhance the image such that its gray scale occupancy spans the range from 0 to 255,
we may do a brightness slide of -55 followed by a contrast stretch of 256/ (146-55)=2.8.
The effect is to force the lowest brightness in the image to 0 and the highest brightness
to 255. The others follow in a linear stretch between 0 and 255. Figure d and Photo c
illustrate the resultant image with equalized contrast and its histogram.

127
BRIGHTNESS

An experiment in histograms. At (a) is an original of a photograph with relatively low contrast. When
we do a count of the number of pixels at each brightness level we produce the histogram (b) which
shows a cluster of pixel values in the range 55 to 146 out of a total possible range of 0 to 255. By
sliding the brightness down to 0, then doing a contrast stretch by scaling the resulting range to
the full range 0 to 255, we produce the histogram (d) of the enhanced image (c) with a gray scale
that occupies the entire gray scale range, indicating improved contrast.

d

o 63 191 255



and software design for digital video acquisition and
processing systems. He also consults with his own
firm, where he is pursuing color image compression
techniques for the transmission and archiving of video
still imagery. He has written a book entitled Digital
Image Processing: A Practical Primer, Prentice-Hall,
1984.

full 512 line by 512 pixel by 8 bit per pixel
resolutions, instant capture and display,
and some hardware processing features.
Additionally, many boards provide color
look-up tables in the output video path,
allowing pseudo and false color image
display.
The availability of processing software is

also maturing to the point that full image
processing packages especially for personal
computers are now available. The era of
the personal computer as an image engi-
neering work station is upon us. In the next
fewyears, personal computer digital image
processing stations will be more prevalent
than ever before. In a snowball effect, this
availability will promote more activity in
new application areas that, in turn, will in-
stigate the development of better and less'
expensive systems with wider applications.

THE FUTURE
Digital image processing is a growing field
and has been for years. From its roots in
expensive custom applications, the trend,
spurred by lower-cost semiconductor
technology, has been toward less expensive
products. Initially,stand-alone systems sell-
ing in the $50,000 to $100,000 range
made their appearance in the late seven-
ties. The early eighties brought $10,000
boards for high-end microcomputers such
as Multibus-compatible systems. Today, in-
expensive peripherals for the personal
computer market are beginning to emerge.
In particular, vision peripherals for the

IBM PC have been targeted by several
manufacturers, with more on the way.
These products range from simple video
digitizers requiring external display boards
to full-blown capture, storage, and display
peripherals. Prices for these units range
from about $300 to $3000, with quality
and features commensurate with price. The
less expensive boards typically digitize to
lower resolution and do not provide instan-
taneous image capture from a live video
source. The more expensive boards give

Additional Reading
1. Baxes, G.A. Digital Image Processing-A Prac-

tical Primer. Englewood Cliffs, NJ, Prentice-Hall,
1984.

2. Castleman, K.R. Digital Image Processing.
Englewood Cliffs, NJ, Prentice-Hall, 1979.

3. Gonzalez, RC, and P. Wintz. Digital Image Pro-
cessing. Reading, MA, Addison-Wesley, 1977.

4. Green, w.E. Digital Image Processing-A
Systems Approach. New York, Van Nostrand
Reinhold, 1983.

5. Pratt, w.K. Digital Image Processing.New York,
John Wiley, 1978.

6. Rosenfeld, A. and A.C. Kak. Digital Picture Pro-
cessing. Second Edition. New York, Academic Press,
1982.Gregory A. Baxes is an engineer in the Research and

Development department at American Television and
Communications Corporation where he is actively in-
volved in the design and development of digital video
systems. His past work has included the design of in-
telligent satellite image analysis hardware for NASA,
video scrambling security systems for the cable televi-
sion industry, and low-end microcomputer hardware

Reader Feedback
To rate this article, circle the appropriate number
on the Reader Service card.

71
Excellent

81
Good

91
Fair

Robot Feeders
SPEECH SYNTHESIZER You can now match the ultra efficiency of

robotic equipment in your manufacturing or
assembly operations with programmable low
profile conveyors to provide precision move-
ment of parts to and from automated stations.
Dorner engineers have designed state-of-the-art
systems for some of the nation's leading
manufacturers.

Trt Big Mouth
LISTEN! Your HERO or other

robot. or your computer could be talk-
ing to you through the BIG MOUTH.
The first affordable True Speech
Synthesizer can be talked to through
its parallel or serial printer port or be
connected to your robot's bus.

Send for our 'Idea Starter'
catalog on custom systems

580 Industrial Dr., Hartland, WI 53029
Phone 414/367-7600· Telex 26-0358

IT WILL 'SAY' ANY ASCII TEXTAPPLICATIONS:
• Handicapped Aid
• Games
• 1000 Character Buffer

• Robotics
• Automatic Testing

No Software Required
• Will run on any computer.

Embed phonemes in text for those special words.
• Programmable: Vocal-Tract frequency. inflection rate,

duration pitch, articulation amplitude ... for all 64 phonemes.
• Can be programmed to make sound effects or sing I

C I t KITS Calif. Res. add
omp e e 6% tax

• PCB & Eprom + ins!. S74 + $3 S&H
• PCB kit + ins!. S161 + $5 S&H
• Complete kit S199 + $5 S&H

$249
Add S5 S&H

Phone Orders or Demonstration

(714) 734-6006 Dealer Inquiries Invited

~

• IAstroTrODICS 1~37Topaz Street
MICROSYSTEMS Corona. CA 91720

I

Circle 2 Circle 6
ROBOTICS AGE March 1985 19



PC-BASED
IMAGE PROCESSING

Image processing is the process of pro-
ducing useful symbolic descriptions of a
visual image from real-world data. The fun-
damental objective of such an application
is the visual enhancement or statistical
evaluation of some aspect of an image that
is not immediately apparent in its original
form. Recent trends indicate that as indus-
trial systems broaden their horizons to in-
clude computer-based processing, vision
systems willbecome an integral part of the
total factory automation concept.
Machine vision systems must be capable

of image sensing, image analysis, and im-
age interpretation. Flexible image process-
ing systems are capable of automatically ac-
quiring information about an object, meas-
uring its features, recognizing an object
within a scene, and making decisions
based on the acquired data.
In an image processing system, video

cameras are linked to computers, picking
up patterns of light and dark. The resulting
images can be processed by a computer
to perform enhancement or contrast
operations for a higher-quality image. The
computer analyzes the images and extracts
the required information, such as the
presence, position, orientation, and iden-
tity of the object. Most common in today's
factory environment are video cameras
linked to robot arms and manipulators.
Over the last fewyears, industrial robots

have evolved into intelligent computer-
driven interfaces, primarily due to the need
for improved quality and productivity on
the factory floor. The most important
benefits provided by industrial robots are
increased accuracy and consistent quality.
The robot provides precise repetition of
certain functions and is impervious to
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human frailties such as boredom, fatigue,
or carelessness. An intelligent, computer-
based robot vision system can potentially
handle such tasks as identifying parts,
assembling and sorting them, inspecting
and grading them, and taking corrective
guidance and control action to maintain
uniformity.

KEY COMPONENTS
Effectiveimage processing and analysis ap-
plications, whether in the laboratory or on
the factory floor, require large computa-
tional and data storage capacities. Until
recently, mainframe computer systems (or
at least powerful minicomputers) were re-
quired for· sophisticated processing and
analysis. Mainframe and minicomputers
have been used to process medical images,
military surveillance photographs, and
satellite images. The introduction of per-
sonal computer-based image processing
systems will prove especially attractive for
other, more price-sensitive applications,
such as robotics, manufacturing and auto-
mated inspection, and security systems.
An image processing system'sfundamen-

tal purpose is to digitize, store, and pro-
cess an image to extract information about
a scene. In robotics applications the im-
age processor must process the scene in
a timely fashion to generate feedback in-
formation for a robot control system. A
typical system configuration includes an
overall control computer, a video camera
for image scanning, a video 1/0 interface
to digitize and display the image, an op-
tional arithmetic coprocessor for high-
speed calculations, and image processing
software.

Vidicon or solid-state cameras are the
main inputs tO,a computer vision system.
An image is scanned as an array of light
intensities which are converted into analog
electrical signals by the camera. If per-
formed at "real-time" speeds, a new image
willbe scanned 30 to 60 times per second
and fed into the image processing com-
puter's video I/O (frame grabber) interface.
The video I/O interface, for example the

Data Translation DT2803, consists of a
high-speed, flash AID converter for image
input and a multiplexed DIA for color or
monochrome image display.The flash AID
converter takes the scanned video image
and converts it into a numerical represen-
tation suitable for computer processing.
The digitization in the Data Translation
product takes place in 1/30th of a second.
This defines a basic granularity of the "real
time" response possible with the system,
a fundamental sampling rate for the
images.
The digital information representing the

original video scene is stored within the
image processing system's memory in a
"frame store". Data is sent to and from the
frame store memory by the camera input,
display monitor, image processing control
computer, and internal image processing
hardware (such as the video I/O interface).
The memory required to capture and dis-
play the images in the frame store is deter-
mined by a one-to-one mapping of scene
picture elements (pixels) onto words of
memory.
For example, an image that has a resolu-

tion of 256 lines by 256 elements requires
65,536 units of information to be stored
in memory. Since each unit in a reasonable
image represents a light level or a color



value, each point is represented by an in-
teger in the memory array. If we use 8-bit
integers, a byte of memory corresponds to
each pixel. In this case, the actual digital
picture information requires 65,536 bytes
of computer storage. This size fits well in
today's 8086/8088 based 16-bit personal
computers like the IBMPC, where memory
segment sizes are 65,536 bytes. Attempt-
ing to use more than one memory segment
of information per image frame would
dramatically increase processing time.
(Other 16-bit or 32-bit computer architec-
tures like the Motorola M68000 do not
segment memory and thus do not have
"magic" frame size limits such as the
8086/8088 segment size.

THE DT2803 VIDEO 1/0 BOARD

Data Translation's DT2803 IBM PC/XT/AT
compatible video I/O board shown in
Photo 1 accepts standard RS-170 (or 50
Hz CCIRR) camera inputs. An on-board
phase-locked loop is used to synchronize
the DT2803's video timing. with the
camera. An optional internal sync signal
is available for applications where a camera
input is not always desired (e.g. VCRs and
VTRs).

Photo 1. The Data Translation DT2803 video 110
board connected to an IBM PC and external color
monitor. The use of a monitor provides a means to
followthe image processing operations via a displayed
output of internal data. This provides a link between
the system and its human operators.

The DT2803 uses a low-power (CMOS)
flash AID converter to digitize the image.
(Due to the peculiarities of the standards
used in modern television, 60 Hz televi-
sion signals are digitized into 61,440 6-bit
pixels representing 240 lines by 256 pix-
els; 50 Hz signals are digitized into 65,536
pixels representing 256 lines by 256 pix-
els.) The input pixel values are subsequent-
ly converted into 8-bit values through one
of eight software selectable look-up tables.
Several of these look-up tables are prede-

fined with special preprocessing opera-
tions. The remaining look-up tables can be
programmed for point processing opera-
tions like image averaging or logarithmic
conversions.
The DT2803 stores the digitized video

image in a 256 by 256 by 8 frame memory.
Depending on the particular input look-
up table chosen, the frame store memory
can right-justify the 6-bit pixels from the
AID and store each as an 8-bit value. The
extra two bits per pixel can be used for
write-protection or to add additional infor-
mation to the image, such as user-defined
boundaries. The resulting 8-bit value can
be processed either by the image control
computer, by a high-speed coprocessor, or
by the DT2803 output look-up tables.
For applications requiring high-speed

computational capabilities beyond those of
the IBMPC's 8087 (or the PCIAT's 80287),
the DT2803 provides external digital ports.
Information can be acquired by the video
110 board and passed directly to a plug-in
coprocessor directly through this external
path. The information never passes
through the IBM PC bus or affects the im-
age control computer. Passing the infor-
mation over this port to a high-speed
coprocessor removes the speed limitations
imposed by the IBM PC bus. It also
releases the IBM PC's processor for other
tasks.
Gray level and color intensity control can

be achieved by using one of the DT2803's
four output look-up tables to map a stored
image's pixel values into output pixel
results. The data generated by the output
look-up tables is dependent on the infor-
mation loaded into the tables by the host
computer before the operation. An exam-
ple of a common mapping function is a
binary contrast enhancement, where all
pixels below a certain brightness are set
to black and all pixels above this value are
set to white. This process is particularly
useful in applications requiring that an ob-
ject contrast sharply with its background.

For final display, the DT2803's output
converters allow a set of 256 display at-
tributes to be chosen out of a possible
4096. The 4096 attributes consist of 64
colors, each of which can be displayed at
64 different intensities.

CONTROL SOFTWARE

Data Translation's optional VideoLab soft-
ware package includes an interactive tu-
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torial and callable subroutine library that
eliminates the need for users to program
the hardware at the machine level.
The following functional operations are

supported by VideoLab and are easily in-
tegrated into the total machine vision ap-
plication via C, FORTRAN, Pascal,or
BASIC:
• real-time image acquisition
• image data display
• image data movement between frame
storage buffers

• simple operations on the data, in-
cluding baseline correction, merging,
differencing, and swapping

• histograms and convolutions, in-
cluding lowpass, highpass, and Lapla-
cian filters

• image storage and retrieval to and
from host computer disk files

• look-up table manipulation

IMAGE PROCESSING IN ROBOTICS
Generally, industrial machine vision ap-
plication processing requirements are
limited to simple, repetitive processes that
focus on object detection, object location,

pattern recognition, and image enhance-
ment. The desired image processing capa-
bilities can vary greatly among applica-
tions. The most common functions in-
clude: shape identification, distance
measurement, orientation determination,
and motion detection. Robots equipped
with vision capabilities are used primarily
for automated inspection and assembly,
welding (especially spot welding in the
automotive industry), machine loading and
unloading, and paint spraying.
A vision-based robot manipulator can

record its position in terms of the displace-
ment of its end effector along the axes of
a preprogramrned reference image. Com-
paring the end effector's various positions
to several stored references allows a varie-
ty of activities to be performed, such as
object tracking and automatic calibration.
Of primary importance, though, is that the
basic capabilities of a computer-based
robot vision system can be adapted to the
requirements of new classes of tasks by
simply loading new programs into the host
computer. With the availability of a per-
sonal computer, the user can program the
operation of the robot in a high-level

language, such as withVideol.ab, and store
it for later use. This eliminates the need
to redesign and rebuild the robot's com-
plex control electronics.
The processing of gray-scale images at

high resolution often provides impressive
results but, inevitably, this is achieved at
the expense of processor cost and process-
ing time. Dedicated image processing sys-
tems address the problem of processing
speed, but at a high price. With today's low
cost computer hardware/software technol-
ogies, both laboratory researchers and in-
dustrial users can start to take advantage
of image processing with a standard system
architecture that is both flexible and
expandable.
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POLAROID ULTRASONIC
RANGING SENSORS IN
ROBOTIC APPLICATIONS

An important element of any robotic
system is its capacity to interact with its sur-
roundings, both human and inanimate.
Human interaction occurs at two levels: the
designer first defines the basic framework
for the robotic system'soperation-its abili-
ty to move or sense in a particular man-
ner. The user of the robotic system must
then control the run-time operation, that
is, how, when, and where to move and
sense. (This second level could also include
autonomous operation.) The inanimate en-
vironment (such as walls) in the robot's im-
mediate vicinity certainly affects its
operation.
In general, the robotic system affects its

working environment by means of various
actuators. It utilizes sensors to determine
the effects of those actuators. Examples of
actuators include motors for movement,
arms and end effectors for grasping, and
sound producers for alarm or status in-
dicators. Photocells, limit switches, and
microphones are examples of the sensors
considered.
This article focuses on the use of one

type of sensor, the Polaroid ultrasonic
distance ranging sensor, and the role it can
play in serving both as sensor of the en-
vironment and as human control input.

THEORY OF OPERATION

The Polaroid Ultrasonic Sensor is an elec-
tromechanical system used commercially
to focus a camera by measuring the
distance from the camera to the subject.
It operates by producing a burst of inaudi-

David L. Jaffe
Palo Alto Veterans Administration Medical Center
Rehabilitation Research and Development Center

3801 Miranda, Mail Stop 153
Palo Alto, CA 94304

ble sound waves from the electrically ex-
cited diaphragm of the transducer. This
sound then propagates through the air un-
til it encounters the subject. A portion of
the sound incident on this object is re-
flected back to the transducer and is
detected by the associated electronic cir-
cuit board. The distance to the subject can
be deduced from knowledge of the round-
trip travel time of the sound and the speed
of sound through air.

Photo 1. the Polaroid Ultrasonic Distance Ranging
Sensor consists of the acoustic transmitter shown in
this picture and the ultrasonic circuit board that
drives it.

The two primary elements of the
Polaroid Ultrasonic Sensor are the
acoustic transmitter and the ultrasonic cir-
cuit board that drives it. Together, these
componentsare capable of detecting the
presence of and distance to objects within
a range of approximately 11 in. to 35 ft.
The sensor transducer is a device that

acts as both a producer and detector of
ultrasonic energy. A special stretched foil
forms the vibrating element that transforms
electrical energy into sound waves and the
returning acoustic echo back into electrical

energy. It is protected by a 1.5 in. diameter
perforated metal housing.
When the ultrasonic circuit board is ac-

tivated, the transducer emits a sound pulse
and awaits the reception of an echo retur-
ning from whatever object the sound pulse
has struck. In the standard unit, the emit-
ted pulse is actually a high-frequency pulse
train or chirp. Four carefully chosen
ultrasonic frequencies (60 KHz, 57 KHz,
53 KHz, and 50 KHz) are used to mini-
miize single frequency signal cancellation
effects produced by some targets at certain
diJtances.
The ultrasonic circuit board controls the

transducer's operating mode: transmit,
receive, or standby. It is composed of three
major sections: the digital circuit, the
analog circuit, and the power section, each
of which is implemented in a single
custom-integrated circuit.
Figure 3 shows the system block dia-

gram. During the transmit portion of the
operating cycle (one millisecond) the cir-
cuit board digitally constructs the pulse
train, amplifies it to approximately 150 V,
and sends it to the transducer. After
generating the chirp, the sensor switches
operating modes from transmit to receive
and is ready to detect a returned echo.
After receiving the echo, the sensor con-
verts the sonic energy into an electrical
signal which is amplified by the analog sec-
tion, detected by the digital electronics,
and presented as an output signal.
The energy present in the echo varies

as the inverse fourth power of the distance
between the sensor and the object. For the
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GROOVED PLATE

Figure 1. The transducer portion of the Polaroid sensor is composed of a special stretched foil vibrating
element that both produces and detects the ultrasonic energy and a perforated metal protective housing.

~
~ G

Figure 2. The ultrasonic circuit board is composed of three main sections: the digital circuit, the analog
circuit, and the power section-all implemented in custom ICs.

TRANSMIT

ECHO

TRANSMITTED)
PULSE

:' REFLECTED
\ ECHO
\.

GAIN AND
BANDWIDTH
CONTROL

Figure 3. The system block diagram shows the functional elements of the ultrasonic distance-ranging system,
including the transducer which transmits the pulse signal and receives the reflected echo.

minimum and maximum distances given,
this represents a ratio of 2 million. In order
to detect both near and distant objects
therefore, the circuit board employs a
variable gain, variable bandpass amplifier.
Immediately after transmitting, the ampli-
fier is in a lowgain, narrow bandpass con-
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figuration. If no echo is initially received,
the gain is increased and the bandwidth
broadened. This action maintains a con-
stant sensitivity over the entire operating
distance range of the unit.
The circuit board has two outputs and

one input. The power input (pin 9) is a

6 V signal that initiates a transmit/receive
cycle. After this signal is applied, the
transmission output (pin 16 XLG)indicates
.the transmitted signal. The leading edge
of this signal marks the start of actual
ultrasonic emission. At some later time, the
detected echo (pin 15 FLG) line is driven
high as the returned sound is processed.
This signal eventuallybecomes active, even
if no echo is received.
The Polaroid system's ability to detect

objects depends on many factors: target
size, target orientation, and the target's
acoustic surface characteristics. A large flat
target with a reflective surface parallel to
the face of the ultrasonic transducer is
easiest to detect. If, on the other hand, the
sound strikes a surface at an angle, a por-
tion of the acoustic energy bounces off the
surface away from the sensor and is lost.
If this angle is too shallow, not enough
energy will be reflected back to the sen-
sor, and the electronics will not detect the
echo; the target becomes sonically invisi-
ble. In general, an object will be difficult
to detect if it does not reflect enough of
the transmitted sound back to the trans-
ducer because of its small size, distance,
or reflective properties.
The echo detection circuitry is based

upon the amplification of the received
sound energy. When this energy exceeds
a predetermined threshold, the echo line
becomes active, independent of any peri-
odic clock timing signal. Although the
resolution is not affected by the receive cir-
cuitry, it is influenced by the transmission
method. As previously stated, the gener-
ated ultrasonic signal is actually a train of
56 pulses that requires 1 ms to send. Dur-
ing any particular ranging, the echo of the
first pulse of this train might be the one
detected by the receiver. In subsequent
distance determinations, the echo from
another pulse in the train might be sensed.
Thus, in the worst possible case, an uncer-
tainty of 1 ms (6.6 in.) is contributed by
this method.
A final resolution-dependent phenome-

non involves the surface geometry of the
target and the transducer beam pattern.
If the object surface geometry is irregular,
the echo from one section of the object
may trigger the receive electronics on one
ranging. On a subsequent ranging, another
section (at a different distance) might be
detected. For example, if the distance to
a person's face was to be determined, the
ultrasonic echos from the cheeks, fore-
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Figure 4. The ultrasonic circuit board has two outputs: XLG, the transmitted signal and FLG, the detected
echo, and one input: VSW, the 6 V input.
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Figure 5. The leading edge of the transmission signal shown on this timing diagram marks the beginning
of the actual ultrasonic emission.

head, eyeglasses, and nose all compete for
detection. The first echo that contains suf-
ficient energy to exceed the threshold pro-
duces a valid output signal.
The Polaroid Ultrasonic Sensor system

appears insensitive to environmental
sounds and interferences such as the radio
frequency energy generated by microcom-
puters and motors. Other ultrasonic
sources likewise have no effect on the
operation. Raindrops do pose a problem,
however, since they reflect ultrasound and
affect distance readings.

HARDWARE
The Ultrasonic Ranging System Designer's
Kit from Polaroid includes two Polapulse
batteries with holders, two transducers, one
circuit board, and a display board. Al-

though it is adequate for experimentation,
it does not include enough hardware or in-
structions to easily interface the sensors
to a microcomputer system. Such an in-
terface can be constructed from readily
available parts and integrated circuits,
though, and the one described here in-
cludes facilities for software control of data
acquisition rate and operation using a
sophisticated counter/timer chip. The
resultant interface can obtain distance in-
formation from two sensors without requir-
ing the microcomputer to dwell in a count-
ing loop during ranging.
The interface of the Polaroid Ultrasonic

Sensor to a microcomputer system involves
several functional elements: the translation
of circuit board outputs to TTL levels, the
generation of the transmit signal, the con-
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struction of a ranging signal, and the con-
version of this signal to digital form. These
phases are accomplished as follows.
The AMD9513 System Timing Control-

ler is used both to generate the acquisi-
tion rate signal and time the width of the
ranging pulse. The integrated circuit itself
consists of five counter/timer sections and
a programmable divider.One section of the
counter/timer is employed in the ranging
task, while another produces the rate
signal. When it is connected to a micro-
computer system via I/O ports, it becomes
an effective wayof interfacing the Polaroid
Ultrasonic Ranging sensor to an integrated
robotic system.
Among the many operational modes of

the 9513, Mode N translates the pulse
width ranging wavefonn into a 16-bit digital
value a microcomputer can manipulate. In
this mode, a separate clock signal is
generated using the chip's frequency
divider mechanism. The number of clock
cycles that occur when the ranging signal
is active is accumulated and stored in a
register. Old data is replaced with new with
each subsequent ranging. In this manner,
the processor can process distance rang-
ing information simultaneously with new
data acquisition. The digital resolution of
the range depends on the clock signal fre-
quency. Using a 400 KHz clock frequen-
cy, each count represents 1/60 of an inch.
Tho output signals and one input signal

form the basis of-the Polaroid circuit board
operation. The power (PSW) input is a 6 V
signal that initiates a transmit/receive cy-
cle. It should be capable of delivering 2.5 A
and have a quick rise and fall time. After
this signal is applied, the transmission
(XLG)output shows that a signal has been
transmitted. Its leading edge marks the
start of the actual ultrasonic emission. At
some later time, the detected echo (FLG)
line is driven high as the returned sound
is processed. The timing of these signals
is shown in Figure 4. A single transistor
circuit is required to convert the XLG and
PLG signals to standard TTL voltage levels.
(See Figure 6.)
Generating the VSW signal first requires

the production of software-controlled
periodic square waves by a section of the
AMD 9513 counter/timer chip. The re-
mainder of the power section converts this
signal to a 6 V signal that drives the VSW
input on the Polaroid circuit board. (Refer
to Figure 7.) The counter/timer output is
conditioned by an open-collector buffer.

TO POLAROID
BOARD. PIN 15

FLG

+5V

5.6K

+5V
4.7K

+5V

TO 9513. PIN 39+5

7474

XLG (TTLI

+5V

FROM POLAROID
BOARD. PIN 16 - .•••.~"""~--"~

XLG

~~------- GND

Figure 6. This circuitry shown is necessary for converting signals to proper TTL levels and also for the
receive cycle of the system.

+5V
100

FROM 9513 0-----4
PIN 3

GND

6J-- I

4

)-. "-'1·

I
E

4N27 I
J.2K

-12V

+24V - INPUT

CONTROL 7806

OUTPUT

THREE TERMINAL
VOLTAGE REGULATOR

OPTO-ISOLATOR

"--- GND

6V
TO POLAROID
BOARD. PIN 9

VSW

Figure 7. The VSW signal needed by the Polaroid board is initially generated as a square wave from the
AMD 9513.
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This signal, in turn, intermittently grounds
the current to the LED input of an opto-
isolator and turns it off.
The transistor output of the opto-isolator

brings the control pin of the 7806 three-
terminal regulator to ground, producing
6 V at its output. When the transistor stage
is not driven, the 7806 output is biased to
o V by the -12 V power supply through
the 1.2 KQ resistor. The regulator is
employed to produce a fast-rise-time low-
impedance power signal required by the
Polaroid circuit board.
The receive circuitry produces a signal

that goes active coincident with XLG and
inactive with FLG. The key component is
the 7474 R-S flip-flop. It is gated on by
the 74121 one-shot multivibrator, a signal
whose leading edge represents the start of
ultrasound transmission. The 7474 is reset
upon receipt of the echo. The active por-
tion of the resultant signal thus represents
the round-trip time of the ultrasound signal
out to the target and back to the sensor.
This signal is directed to the counter/timer
where this active pulse width is converted
to a 16-bit range value.The timing diagram
for the signals discussed is shown in
Figure 8.

Next, the master mode register of the
counter timer is initialized by sending the
proper data to its command and data ports:

: INIT 17 COMMAND P!
o DATA P!
ODO DATA P! ;

Channel #1 is programmed to be a
software-setable square wave generator.
The output of this section drives the VSW
input to the Polaroid circuit board and thus
sets the acquisition rate of the board.

RATE (N-)
[ DECIMAL] 20005 10 ROT */
[ HEX ] 100 /MOD SWAP
1COMMAND P!
22 DATA P!
OC DATA P!

9 COMMAND P!
DATA P!
DATA P!

21 COMMAND P! (arm counter) ;

In operation, this word is called with a
number on the stack that is manipulated
by the internals of RATE to produce two
values that command the counter to pro-
duce a square waveof the desired frequen-
cy.Thus, the FORTH command: 10 RATE
results in a square wave VSW signal that
causes the Polaroid ultrasonic sensor to
perform ten rangings per second.
Next, channel #2 is configured in mode

N, the mode that counts the number of
clocks that occur during the active portion
of the distance signal.

MODE-N
2 COMMAND P!

OAA DATA P!
8C DATA P!

OA COMMAND P!
o DATA P!
o DATA P!

66 COMMAND P!

Reading the distance is just a matter of
retrieving the contents of the channel #2
hold register.

READ (-N)
12 COMMAND P!

DATA P@
DATA P@
100 * + ;

A short program .can now be written to
display the distances on the console until

SOFTWARE
The FORTH programming language is fre-
quently used in industrial process control
applications. It features a highly interac-
tive development environment and pro-
duces compiled code that executes quick-
ly while retaining high-level programming
quality. In many ways, a robotic system
resembles a process-control system in that
both are concerned with the real-time
operation of actuators under the supervi-
sion of a human user or sensory en-
vironmental information. FORTH has
been used and has proven its utility and
flexibilityin the development of devices us-
ing Polaroid ultrasonic distance-ranging
technology. The followingdistance-ranging
software is coded in FORTH.
The first piece of software involves set-

ting system constants and defining the
counterltimer parts (similar to equates in
assembly language). In this example, the
9513 data port is set to 50H and its com-
mand/status port to 5lH:

HEX
50 CONSTANT PEASE
PEASE CONSTANT DATA
PEASE 1+ CONSTANT COMMAND



ACQUISITION FREQUENCY
FROM 9513
50% DUTY CYCLE-

operation. This information provides the
structure of the robot's surroundings and
can facilitate the approach to an object
(such as a barrier or a person) or may
signal the existence of an obstacle in the
robot's path. Alternatively, an examination
of the distances to objects around the
robot may indicate the robot's longest
unobstructed travel path.

XLG

J PULSE WIDTH GENERATED BY 74121

ECHO
(FLG)

l
HUMAN INTERACTION

OUTPUT OF POLAROID
INTERFACE BOARD TO 9513

Distance sensing to human body parts
is a frequently overlooked use of the
Polaroid Ultrasonic Sensors. For instance,
the range to a person's hand could be used
as an instrument. A smooth and immediate
control signal produced in this way re-
quires no mechanical contact with the
operator. This control signal could vary
proportionally operating parameters such
as the voltage, speed, volume, frequency,
or brightness of the device to which the
distance ranging unit is connected.
The use of two body parts or one body

part that moves in several directions can
produce a two degree of freedom control
signal. For example, the position of a cur-
sor on a video screen can be controlled

Figure 8. The timing diagram shows the frequency and pulse width of. the 9513 output, the transmission
output, the output of the one-shot, the echo, and the Polaroid board output.

halted by a key press. (The period, ",",
prints the number on the stack, while CR
sends a carriage return and line feed to the
console.)

TEST INIT 10 RATE MODE-N
BEGIN

READ. CR
?TERMINAL

UNTIL j

In a robotic application, the value ob-
tained by READ can be used in many ways.

: AVOID INIT 10 RATE MODE-N MOTORS-ON
BEGIN

READ
MINIMUM-DISTANCE <

IF RANDOM-TURN THEN
o
UNTIL ;

In this example, a hypothetical robot
control system has been created. (RANDOM-
TURN would have been previously defined.)
If the robot encounters an obstacle at a
distance less than the specified constant
MINIMUM-DISTANCE, it turns in a random
fashion to avoid the obstacle. Other
algorithms, limited only by the designer's
imagination, can certainly be implemented.

ROBOTIC INTERACTIONS

'. Detection of environmental-based or
human-initiated distance data is an integral
part of the safe and efficient operation of

a robotic system. The system'sability to ac-
quire distance information thus serves two
purposes: sensing environmental condi-
tions and receiving human control infor-
mation. The most obvious use of ranging
data is to detect the presence of and
distance to objects in the robot's field of
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Photo 2. The pair of transducers mounted on the
wheelchair monitor the individual's head position.
Changes in position are translated into motor con-
trol signals for the electric wheelchair. The unit con-
taining the circuitry is just visible behind the back
of the seat.

by shoulder positioning as detected by
suitable mounting of sensors; one above
. and the other in front of the shoulder. The
up-down position of the shoulder could
vary the cursor's vertical placement, and
the forward-backward motion of the
shoulder could be translated into left-right
cursor positioning.

Photo 3. Twoultrasonic circuit boards necessary for
controlling two Polaroid distance ranging sensors are
shown on a single wiring board.

In one application for severely disabled
individuals, head position is monitored by
a pair of ultrasonic sensors. Tilting the
head off the vertical axis produces distance
changes that are detected by stationary
sensors and translated into motor control
signals for an electric wheelchair. Human
commands to robotic systems can be per-

formed using these and other schemes.

SUMMARY
The Polaroid sensor system has proven to
be an efficient way of obtaining informa-
tion about the inanimate and human en-
vironment surrounding a device. This
device could be either a robot or a humanl
machine interface. In many instances, the
distance data acquired is sufficient to con-
trol a:robot or convey the wishes of a user.
The Polaroid technology is commercially
available and, by application of the tech-
niques described here, can be integrated
into a microcomputer system.
More information about the Polaroid

Ultrasonic Ranging system can be obtained
from the Polaroid Corporation, Ultrasonic
Ranging Marketing, 1 Upland Road, Nor-
wood, MA 02062, telephone (800)
225-1618 or (617) 547-5177. The AM9500
Peripheral Products Interface Guide is
available from Advanced Micro Devices,
901 Thompson Place, PO Box 453, Sun-
nyvale, CA 94086, telephone (408)
732-2400.
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on the Reader Service card.
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Sonar - Stepper Motor Controller - Digital Interface
Interface your IBM® PCor Apple® lie to the real world for robotics, process control and security applications .
• Digital Interface Board-24 lines of programmable digital I/O, TIL
compatible, dual row header connection for user interface.'
IBM®Version - DIB 0101 $89.00
Apple® Version - DIB 020I $79.00

• Stepper Motor Controller/Driver Boards-Drives 6 stepper motors
at variable speeds using assembly language subroutines. Half or
full step modes are user selectable. External, buffered driver board
(included) accepts user'spower supply and motors."
IBM®Version .; SMC0103 $299.00
Apple® Version - SMC0203 available soon

, Comeswith example program listing.
" Comeswith software on PC-DOSdisk.

COMING SOON! EPROM Programmers for both IBM® and
Apple® computers. Programs 2716, 32, 64 and 128.

IBM is a trademark of International Business Machines Corp.
Apple is a trademark of Apple Computers Ine

• SONAR-I/O Board-SONAR ranging unit with transducer provides
distance measurement up to 40 ft., with single or multiple object
returns available. 16TTL compatible I/O lines also available."
IBM®Version - SIO0102 $225.00
Apple® Version - SIO0202 available soon

• SONAR/Stepper Motor Controller Board-Best features of all
above-SONAR ranging and control of 4 stepper motors. Includes
controller board, transducer, external driver board and software."
IBM®Version - SSC0104 $399.00

• AC Power Control Module-Controls 4 110Volt resistive loads,
and/or small inductive motors at 15amps total current. Must be
usedwith DIB 0101or DlB 0202boards. ACM0103-$129.00

For more information about these products, write:
PRISM Robotics Inc., P.O.Box 9474, Knoxville, TN 37920
(615) 573-4944 Use money orders for faster delivery
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Calendar: Continued from p. 4

hibitors are expected to demonstrate the latest
in vision technology. The exposition will feature
the latest in assembly, inspection, related vision
components, computerization technologies,
robotics, software, part identification, and sen-
sors. RIA's sponsorship of Vision '85 is an
outgrowth of the trade association's new em-
phasis on machine vision.

27 March. Automated Inspection Seminar. On-
tario Robotics Centre, Peterborough, Ontario,
Canada. Contact: Susan Harvey, Workshop
Registrar, Ontario Robotics Centre, 743
Monaghan Rd., Peterborough, Ontario, Canada
K9J 5K2, telephone (705) 876-1611 (Peter-
borough) or (416) 675-4363 (Toronto).
This seminar is directed toward managers and

executives with an entry-level knowledge of to-
day's automated inspection technology. Par-
ticipants will be introduced to the capabilities
and benefits of automated inspection tech-
niques. No previous hands-on work with robots
is required.

APRIL
17-24 April. Hanover Fair. Hanover, West Ger-
many. Contact: Delia Associates, PO Box 338,
Whitehouse, NJ 08888, telephone (201)
534-9044.
The 1985 Hanover Fair will place special em-

phasis on mechanical and fluid power transmis-
sion, controls, and industrial parts handling. A
separate sector of the fair has been set up to
accommodate pertinent exhibits.

18-21 April. FutureWorid Expo. Moscone
Center, San Francisco, CA. Contact:
FutureWorld Expo, 940 Emmett Ave.,Suite 14,
Belmont, CA 94002, telephone (415)595-2708.
FutureWorid is a 'unique marketplace for

presenting new ideas, new technologies, new
products, and visions of our world to come. Ex-
hibited products include robots, computers, new
automobile innovations, and the latest in
fashion and home design.

22-25 April. LASERBOTICS: Combining
Laser and Robot Technologies. Ann Arbor, MI.
Contact: Steve Palma, SME Special Programs
Department, One SME Drive, PO Box 930,
Dearborn, MI 48121, telephone (313)271-1500.
The program will feature speakers from the

U.S., Europe, and Asia and will examine the
latest advancements in the science of combin-
ing lasers and robots to improve productivity.
Co-chairperson Jack Lane, director of the
Robotics Center at the GMI Engineering and
Management Institute, and David Belforte,
president, Belforte Associates, are preparing an
agenda covering the latest advancements in
laser tooling, robotic part presentation, laser-
guided robotics, fiber optics, laser/robot welding
and inspection.

23-24 April. 1985 Conference on Intelligent
Systems and Machines. Oakland University,
Rochester, MI. Contact: Professor Nan K. Loh,
. Conference Chairman, Center for Robotics and
Advanced Automation, School of Engineering
and Computer SCience, Oakland University,
Rochester, MI 48063.
Papers to be presented at the conference will

reflect bothadvances and applications in all
aspects of intelligent systems and machines.
Topics will include: intelligent robots, machine
intelligence, adaptive control and estimation,
visual perception, artificial intelligence for
engineering design, intelligent simulation tools,
computer-integrated manufacturing systems,
knowledge representation, expert systems, game
theory and military strategy, interpretation of
multisensor information, and automatic
programming.

24-26 April. UNIX' Systems Expo/85-Spring.
Moscone Center, San Francisco, CA. Contact:
David Small, Computer Faire, Inc., 181 Wells
Ave., Newton, MA 02159, telephone (617)
965-8350.
This marketing event will address value add-

ed resellers, systems integrators, software
developers, distributors, dealers, retailers, and
OEMs, as well as volume end-user prospects
from large corporations, small businesses,
government, and education. Multiuser and
multitasking systems, networking products, ap-
plications software, programming aids, and
peripherals will be showcased.

28-30 April. Intelligent Vision Systems. Holi-
day Inn, Monterey, CA. Contact: Richard D.
Murray, Director of Conferences, Institute for
Graphic Communication, Ine., 375 Com-
monwealth Ave.,Boston, MA 02115, telephone
(617) 267-9425.
This conference is based on the premise that

intelligent vision systems have been shown to
be a vital part of the factory automation con-
cept, and that they will play an important role
in robot guidance and control, enabling robots
to perform many more complicated functions
than they have to date. The goal of the con-
ference is to contribute to the industrial educa-
tional process by addressing both technical and
marketing aspects of intelligent vision.

30 April, 1-2 May. Artificial Intelligence and
Advanced Computer Technology Con-
ference/Exhibition. Long Beach Convention
Center, Long Beach, CA. Contact: Tower Con-
ference Management Company, 331 West
Wesley Street, Wheaton, IL 60187, telephone
(312) 668-8100.
The direction of AI '85 is commercial, and

technical sessions will include such topics as:
AI in Office Automation. Natural Language In-
terfaces, AI in Defense Systems, Computer Vi-
sion, and The Legal and Social Implications of
Artificial Intelligence.
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COMPUTER RUNS
MOTORS

• ROBOTS
• PROCESS

CONTROL

• CONVEYORS
• FORWARD/REVERSE
• DUAL CONTROLLERS
• ONE PORT CONTROLS

FOUR MOTORS

Use your computer with the CDFR controller to
command speed and direction of two independent
motors from a single parallel output port. Ideal for
robot drive motors or any two functions requiring
proportional bipolar control with bridge output cir-
cuitry. Six versions cover an output range of 6-70
Vdc up to 40 amps. Typically the CDFR controller
installs between the computer, a 12 Vdc battery, and
two DC PM motors mounted right and left on a
robot. Simple software commands set speed and
direction latches in the CDFR thus freeing your
computer for other tasks. Rugged relayless PWM
output circuitry is optically isolated from the CMOS
control logic and your computer to eliminate
ground loops and facilitate flexible output con-
figurations. Serial interface optional. One year
limited warranty. Buy the CDFR-2 now with 15V
12A outputs for $225.00. Ask about our other
robotics components. MC, VISA, MO, or' check.

VANTEC
15445 Ventura Blvd., Suite 10-281 1 .... ViS<' .i

Sherman Oaks, CA 91413
(818) 993-1073

REACH
MORE
ROBOTICS
READERS
FOR LESS
Introducing
the 116
Page Ad:
21/4W x 43/40
For more
information contact:

Jerry Merrifield
Robotics Age Ad Sales
174 Concord St.
Peterborough NII 03458
(603) 924·7136
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New
Products

Silicon Imaging Device

A new charge coupled device (CCD)said
to provide low-noise, high-resolution

pictures without lag or image burn, and to
eliminate blooming and microphonics, has
been introduced by RCA. The SID504
measures 0.325 in. by 0.415 in. and con-
tains 512 vertical by 403 horizontal pixels
in the frame-transfer design. It is an alter-
native to camera tubes for many 525-line
television applications and is capable of sup-
plying the full resolution of color television.
The CCD's spectral response includes

wavelengths extending into the near-infrared
spectrum to about noo nm; the signal-to-
noise ratio is greater than 62 db. The en-
tire image sensing area is light-sensitive and
has no opaque areas to cause aliasing, which
occurs when small picture details are
obscured and lost in the image output.
SID504 can handle direct bright lights,
eliminating blooming, while at the same
time having the. high photosensitivity
necessary to produce clear images from
shadow.
The applications of the new device are ex-

pected to be especially significant in low-

light areas where precise image reproduc-
tion is required, such as inspection, process
.control, patten recognition, robotics, and a
variety of industrial surveillance, scientific,
and medical instruments.
For more information, contact: Robert

Fitts, Application Engineering, or George
S. Brody, Marketing, RCA New Products
Division, New Holland Ave., Lancaster, PA
17604-3140, telephone (717) 295-6998.

Circle 31

Helical Couplings In Robot Design
Standard helical couplings are manufac-

tured in diameters from 3/8 to 21,4in. plus
15, 20, 25, and 30 mm. Inch and/or metric
bore sizes may be combined. Aluminum or
stainless steel materials and a range of flex-
ure cuts are available. The majority of cou-
plings are custom manufactured to meet
specific design criteria of the envelope (out-
side diameter and length), attachment,
material, special end connections, and flex-
ure cuts. Engineering choice' of these
parameters allowsdesigners to optimize use
of the coupling.
Features of the helical couplings include:

either direction operation, offset compen-
sation, smooth bearing load, reduction of
stress, constant velocity, zero backlash,
adaptability to high speeds, and corrosion
resistance. They are maintenance free to
permit constant precision operation.
For more information, contact: Helical

Products Co., 901 West McCoy Lane, PO
Box 1069, Santa Maria, CA 93456.

Precision manufactured single-piece
couplings by Helical Products Com-

pany are improving robot arm performance
by taking up shaft misalignment and pro-
viding low torque positioning when installed
in robot optical encoders. The helical cou-
plings are said to be a relatively simple solu-
tion to many problems connected with ro-
botics design. for the components are more
than simply a way to connect two shafts. Circle 33
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RIA Publications Catalog

The Robotic Industries Association has
published a new, free catalog of cur-

rent robotics literature. Among titles add-
ed since the June 1984 edition are Machine
Vision, RIA Robot Safety Seminar Pro-
ceedings and Proposed Robot Safety Stan-
dard, and 14th International Symposium on
Industrial Robots Proceedings.
Machine Vision, published in 1984, is a

388-page softcover directory of over 65
machine vision suppliers. Covered are
general vision systems, robotic systems,
special systems, vision components and ac-
cessories, and optical inspection. Product
descriptions are accompanied by photos and
drawings. The price is $43 ($40 to RIA
members), plus $2 postage and handling.
For more information, contact: Robotic

Industries Association, PO Box 1366, Dear-
born, MI 48121, telephone (313) 271-7800.

Circle 32

Solid-State Video Camera

A new solid-state video camera with
machine vision applications has been

introduced by Video Logic Corporation.
CDR-460, utilizing the advantages of CCD
image devices and external synchronization
at RS-170 capability, is a better eye for your
computer, the company says. Interlace or
noninterlace is possible, and a mechanical
shutter and/or high-intensity strobe lights
can be added to help capture high-quality
pictures of moving objects.
For more information, contact: Video

Logic Corp., 597 N. Mathilda Ave., Sun-
nyvale, CA 94086, telephone (408)
245-8622. Circle 34



New
Products

Low-Noise Electronics

The Eikonix" Corp. has introduced a
low-noise electronics board for its

Series 78/99, a digital image camera with
an optical viewer that uses a linear photo-
diode array. The board is an amplifier cir-
cuit designed to increase the dynamic range
and the gray scale discrimination of scanned
images. The increased signal-to-noise ratio
adds up to two bits per pixel, with an end
result of up to ten bits of effective data
depth, or 1024 shades of gray. If the data
depth required for scanning is eight bits per
pixel or less, the low-noiseelectronics board
can increase the scan speed by a factor of
two. The board's applications include
military, color graphic arts imaging, and x-
ray scanning.
For more information, contact: Stephen

1. Emery,Eikonix Corp., 23 CrosbyDr, Bed-
ford, MA01730, telephone (617)275-5070.

Circle 35

Real-Time Image Enhancement

TThe TF 5000 from Princeton Elec-
tronic Products provides noise reduc-

tion as well as image enhancement and
manipulation in real time. The device can
be used with all standard video and slow
scan image sources, allowing viewers to
follow a moving image, frame freeze, and
enhance spatially static or moving images.
It responds to analog or digital inputs in real
time and can be coupled to most computers
to enhance, manipulate, analyze, and pro-
cess images under program control.
Input sources may be closed circuit,

broadcast or recorded video, infrared or
other low-light systems, or medical and
scientific research devices such as x-rayand
optical fluoroscopes, electron microscopes,
ultrasonic scanners, CCD line scanners or
even military microwave displays. Outputs
can be either television or slow scan.
For more information, contact: Sidney

Krieger,Princeton Electronic Products, Inc.,

(LISP) FOR A.I.
UO-LISP Programming Environment
The Powerful Implementation of LISP

for MICRO COMPUTERS

LEARN LISP System (LLS.l)
(see description.below $39.95
UO-LISP Programming Environment
Base Line System (BLS.l) $49.95

Includes: Interpreter, Compiler,
Structure Editor, Extended Numbers,
Trace, Pretty Print, various Utilities,
and Manual with Usage Examples.

(BLS.l) expands to support fullsystem
and products described below.

UO-LISP Programming Environment: The Usual LISP Interpreter Functions.
Data Types and Extensions, Structure & Screen Editors, Compiler, Optimizer, LISP &
Assembly Code Intermixing, Compiled Code Library Loader, I/O Support, Macros,
Debug Tools, Sort & Merge, On-Line Help, Other Utility Packages, Hardware and
Operating System Access, Session Freeze and Restart, Manual with Examples expands to
over 350 pages. Other UO·L1SP products include: L1SPTEX text formatter, LITTLE
META translator writing system, RLISP high level language, NLARGE algebra system.
Prices vary with configurations beyond (BLS.l) please send for FREE catalog.

LEARN LISP System (LLS.l): Complete with LISP Tutorial Guide, Editor Tutorial
Guide, System Manual with Examples, Full LISP Interpreter, On-Line Help and other
Utilities. LEARN LISP fundamentals and programming techniques rapidly and effectively,
This system does not permit expansion to include the compiler and other products listed
above.

LISP Tutorial Support (LTS.l): Includes LISP and Structure Editor Tutorial
Guides, On-line Help, and History Loop. This option adds a valuable learning tool to the
UO·L1SP Programming Environment (BLS.l). Order (LTS.l) for $19.95.
REQUIRES: UO·L1SP Products run on most Z80 computers with CP/M, TRSDOS or
TRSDOS compatible operating systems. The 8086 version available soon.
TO ORDER: Send Name, Address, Phone No., Computer Type, Disk Format Type, Package
Price, 6.5%Tax (CA residents only), Ship & Handle fee of $3.00inside U.S. & CN, $10outside
U.S., Check, Money Order, VISA andMastef-Card accepted.With Credit Card includeexpodate.
Other configurations and products are ordered thru our FREE catalog.

Northwest Computer Algorithms
P.O. Box 90995, Long Beach, CA 90809 (213) 426-1893

Circle 16

PO Box 101, North Brunswick, NJ 08902,
telephone (201) 297-4448. Circle 36

PERSONAL ROBOTICS EXCLUSIVELY
FACTORY AUTHORIZED DEALERS

BURN YOUR OWN RB5X PROMS
Introducing our Tiny BASIC PROM Development System

Hardware, Software, Documentation - Complete Package for 8073CPU
VIC-20Version $299.95 Commodore64Version $349.95

Dealer Inquiries Invited

CUSTOMER SERVICE POLICY
1. No dissatisfied customers.
2. Call if you havequestions-we know our products.
3. Unlimited help when you need it.

IiIiII!m
ANDROBOT

Slave to your computer
TOPO III 1595.00 1485.00
Accessories CALL
TOPO III moves and talks very wett. It uses
LOGO-like commands and a good text-
to-speech system.

RB ROBOT

List SALE List SALE

33

MOVIT
Screwdriver Kits-No Solder-FUN
Avoider 44.95 40.15
Circular 67.95 63.75
LineTracer 39.95 36.75
Medusa 27.95 26.25
Memoconcrawler 74.95 70.15
Monkey 24.95 23.65
Mr. Bootsman 30.95 29.25
Peppy 24.95 23.65
Piper Mouse 44.95 40.13
SoundSkipper 24.95 23.65
Turn Backer 39.95 36.75

We have sold hundreds of these items.
They work as they should and they last.

HARVARD ASSOC.
Turtle Tot 299.00 275.00
Excellent for simple educational appli-
cations. Our customers have been very
satisfied.

Download from your computer
RB5X 2295.00 2058.00
Accessories CALL
Program it in Tiny BASIC or use a SA VVY
to Tiny BASIC "compiler". RB5X has
bumpers and sonar; voice with sound ef-
fects, arm, easy-to-use programming lan-
guage, additional senses are available.
It is good quality. Our two demos have
seen hard use and haven't broken down
yet!

ARCTEC
GEMINI-price not announced
What we have heard about GEMINI has
us very excited, but we can't talk about
it yet. If you're interested, let us know
and we'll keep you posted.

ROBOT SHOP
Robot Bug
Z·1
Z·2

129.95
149.95
249.95

122.00
136.50
223.50

Simple and dumb, but lots of potential
for customizing and expansion.

TECHNICAL INFO-WE CAN HELP. CALL

Shipping Over $200Add 4%. $200And Under Add 5%.
Cash With Order Deduct 3%. N.M. Orders Add 43,4% Sales Tax.

Allow 4 Weeks For Delivery.

RIO GRANDE ROBOTICS 1-iG-
1595W. Picacho #28, Las Cruces, N.M. 88005, Tel. (505)524-9480
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Air Technical Industries has introduced
a five-axismodular wrist for industrial

use in positioning, loading, offloading,
feeding, packing, and assembly functions.
Weight capacities range from 100 to 250
lbs., depending on the model. Movement
specifications are: wrist rotation 280
degrees, wrist pitch 280 degrees, wrist roll
280 degrees, telescopic arm action, and ver-
tical arm lift 40 degrees up and 20 degrees
below horizon. Vertical travel range is from
ground level to 12 ft. and horizontal reach
is up to 10 ft. All axes are hydraulically
operated and require a three-phase,

230/460-volt power source. A variety of grip-
pers and end effectors are available in-
cluding vacuum, suction cups, and magnets.
The ROBO-ARM can be controlled man-

ually, by automatic sequence, and by com-
puter feedback system, depending on the
job requirements. A teach mode control for
shop floor programming can be used when
walking the robot through the planned se-
quence of operation which is then recorded
in memory.
For more information, contact: Air Tech-

nical Industries, 7501 Clover Ave., Mentor,
OH 44060. telephone (216) 951-5191.

Circle 38

50 MHz CCD Test System

Pulse Instruments has developed the
first complete CCO test system to

reach the speed of 50 MHz, the company
reports. The rack-mounted 9000 Series sup-
plies all necessary operating voltages and
excitation signals needed to evaluate every
element in a CCO optical array. Low-noise
(less than 500 j1Vpeak-to-peak), high-speed
performance is achieved through Pulse In-
struments' PI-5800 data generator and
IEEE 488-compatible voltage source, digital
voltmeter, and pulse/CCO driver modules.
The system uses Pulse Instruments

modules throughout. Both static and
dynamic testing can be done, and the con-
figurations of test modules can be matched
to a specific application by using either a
single or a dual rack arrangement. An op-
tional scanner is also available for reading
driver output amplitude and bias supply
voltage.
For more information. contact: Ronald E.

Perry, National Sales Manager, Pulse In-
struments Co., 1234 Franciso St., Torrance,
CA 90502, telephone (213) 515-5330.

Circle 37
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Immersible Miniature TV Camera

A new lightweight, immersible miniature
color television camera that provides

high-resolution images in low light has been
introduced by MP Video, Inc. The MC-5
camera accurately transmits natural colors
under bright and low light, the company
says, without image lag, bum-in, or fixed pat-
tern noise. Featuring an image sensor micro-
chip that compensates for varying light lev-
els, the camera provides 3 foot-candle sensi-
tivity and more than 250-line resolution.

The camera weighs 2.5 oz.; the head
diameter is 1.5 inches. Automatically cali-
brating white balance, the EMI and RF
shielded camera is connected via a 20 ft.
immersible cable to a control unit with col-
or bar generation, LEO indicators, and op-
tional character overlaying.
For more information, contact: Peter

Wallace, Marketing, MP Video, Inc., 3
Huron Dr., Natick, MA 01760, telephone
(617) 655-3311. Circle 39



New
Products

Monorail Gantry Robot

Type HBM MOBOT, a half-bridge in-
dustrial robot offered by MOBOT

Corp., is programmed for any number of
"get" and "put" work positions and can be
used for part transfer as well as fabricating
operations such as drilling and spot welding.
Work position coordinates are stored in the
internal memory and called for by the system
computer in either an abbreviated code or
complete command.
An RS-232 interface connects the inter-

nal microprocessor and the system com-
puter, and the communication protocol
typically is streams of ASCII characters sent
in both directions.
All motions are driven by DC servomotors

with encoder or resolver feedback. Position,
acceleration, deceleration, speed, and
stabilization are controlled by the
microprocessor and associated standard
commercial servo and amplifier boards. All

parameters are programmable, and power-
off safety brakes are provided on all ap-
propriate motors.
The HBM MOBOT is a modular Carte-

sian robot, each machine tailored to its par-
ticular task by being assembled from a col-
lection of standard motion modules, or Vec-
trons. The Cartesian mechanism eliminates
the need for the trajectory computing re-
quired by jointed arm robots, simplifying
both hardware and software. The MOBOTs
are available in lengths from a few feet up
to 200. Lift can vary from one to ten feet
and load weights from an ounce to 3000
pounds. Branched configurations are
available with up to three grippers or other
tools, each on a set of independent axes car-
ried by one or more common axes.
For more information, contact: MOBOT

Corp., 980 Buenos Ave., San Diego, CA
92110, telephone (619) 275-4300.

Circle 40

Cid is the only modular, building block, computer inter-
facing system designed for people who do everything.

Cid's snap together modules mean maximum flexibility
that no other personal computer interfacing system can offer.
Even the computers interfacing to Cid can change by simply
changing a cable.

• Cid connects to most personal
computers

• Programmable in BASICand
other languages

• Fast and easy to program
• Requires no software drivers
• Great for monitoring and

controlling
• Fast and simple to setup
• Built of highest quality
• Nine Modules available and

growing
• Available NOW!
Get more facts on Cid, the low
cost missing link that computer
doers have been waiting for.
Write or call today for
FREE catalog.

Computer Interface Device
ELECTRONIC SYSTEMS AND INSTRUMENTS, INC.
8301 Castle • Wichita, Kansas 67207 • (316) 686·5655

Circle 7

Full Refund if not
satisfied during
first 30 days.

800·821·2492

New Vision Systems

GI71-4"DRobotics Corp. plans to
'1y1r introduce a true gray scale

three-dimensional vision system and a laser-
based vision system at the Vision '85 Ex-
position. The new V-300 gray scale system
will perform sealing operations on auto-
motive body parts as a demonstration, direc-
ting a GMF-nO robot to followthe auto body
seams by compensating for part offsets in
all six degrees of freedom.
The company will also unveil the Meta-

Torch, a laser-based vision system for arc
welding applications. Incorporated into a
GMF S-110 robotic welding cell, the Meta-
Torch willdemonstrate its ability to cornpen-
sate for weld seams on loosely fixtured parts
and also provide real-time seam tracking for
the welding cell.
For more information, contact: Joan Juz-

wiak, French & Rogers, Inc., TwoNorthfield
Plaza #303, Troy,MI 48098, telephone (313)
879-2053. Circle 41

PROLOG-86™
Become Familiar in One Evening

Thorough tutorials are designed to help learn the PROLOG
language quickly. The interactive PROLOG·86 Interpreter gives
immediate feedback. In a few hours you will begin to feel comfort-
able with it. In a few days you are likely to know enough to modify
some of the more sophisticated sample programs.

Sample Programs are Included like:
• an EXPERT SYSTEM
• a NATURAL LANGUAGE INTERFACE

(it generates a dBASE II "DISPLAY" command)
• a GAME (it takes less than 1 page of PROLOG·86)

PROTOTYPEIdeas and Applications QUICKLY
1 or 2 pages of PROLOG is often equivalent to 10 or 15 pages in
"C" or PASCAL. It is a different way of thinking.
Describe the FACTS and RULES without concern for what the
computer will have to do. Maybe you will rewrite in another
programming language when you are done.
Programming Experience is not required but a logical mind is.
PROLOG·86 supports the de facto STANDARD established in
"Programming in Prolog."

CONTEST: Win $1,000. Ask about it. Deadline of 4/30/85.

AVAILABILITY: PROLOG-86 runs on MSDOS, PCDOS or
CPM·86 machines. We provide most formats. The price of
PROLOG·86 is only $125.

Circle 24

SSolution~ ystems"
335-R Washington Street
Norwell. MA 02061

617·659·1571
ROBOTICS AGE March 1985 35



New
Products

DIP Socket Inspection System

Automated Systems has developed a
high-speed, noncontact method of

detecting sprung, crushed, twisted, or miss-
ing contacts. Speeds of 500 to 1000 linear

inches per minute are possible, depending
on line speeds and the type of part being
inspected. Inspections are performed on
both rows of the socket (top and/or bottom)
by either static laser beams or scan lines
triangulated off the contacts/pins. Photode-
tectors receive the reflected light and the
signals are digitized by ASI's standard elec-
tronic circuitry. The processed data is com-
pared with preset information for
verification.
A power feed sends the parts, end to end,

into the inspection area. All parameters, in-
cluding tolerances, are dialed into the system
via a keypad with information readout on
a plasma display. The system can com-
municate with other computers and/or
printers for trend analysis and statistical
information.
For more information, contact: Automa-

tion Systems, Inc., 1106 Federal Rd.,
Brookfield, CT 06804, telephone (203)
775-2581. Circle 42

AI Development Environment

lntellimac has announced a new set of
software tools and programs for the

development of AI applications on the com-
pany's IN17000 series Ada super-minis.
Available for immediate licensing and in-
stallation on the IN17000 systems are:

• Ada-Lisp-An interactive, interpretive
Common Lisp development environment
written entirely in Ada, complete with pro-
gramming support tools and Lisp debugger.

• Lisp-to-AdaTranslator -A Lisp program
that performs fast, automated translation of
Lisp source programs to ANSIIMIlrSTD
1815A Ada. The output Ada programs can

then be compiled for a 7-to-l increase in ex-
ecution speed.

• DEXPERT-An Expert System Shell
written in Lisp that allows the user to create
and query his or her own custom rules-
based expert systems in plain English.
• Lisp Tutor-A computer-aided instruc-

tion program for the Lisp language, written
in Lisp. It allows the user to learn Lisp in-
teractively, at his or her own pace and
schedule.
Ada-Lisp and the Translator together

allow rapid prototyping of Lisp-based AI
functions which can then be converted to

Ada packages. The resulting ADApackages,
developed functionally in Lisp, can be com-
piled and linked into a larger Ada program
that might perform procedural operations.
The Lisp-Ada integrated environment con-
verts the IN/7000 into a cost-effective,
multiuser AI development and retargeting
system. The IN17000M supports up to four
control processors with up to six users each.
For more information, contact: Bob

Huberfeld, President, Intellimac, Inc., 6001
Montrose Rd., Rockville, MD 20852,
telephone (301) 984-8000.

Classified
Circle 43

Radio-Controlled Robot Tank Plans. Use
your home computer to program the tank's path.
Optical interface needs no wires Into your com-
puter. All parts from Radio Shack. Complete
schematics, instructions. and software. $14.95.
CYNZAC ENGINEERING, 6117 Calle Arena,
Camarillo, CA 93010.

Advertising _
Millers Custom Gear Cutting and Machin-
ing. Write to: David G. Miller, ny, E. State St.,
Alliance, OH 44601.

Robotic Metalware. Coming Soon
"ECONO-ARM" (you add electronics) an af-
fordable robot arm. We offer these services and
more: R&D to assembly, one piece or a million,

stamping, screw machine and CNC. We make
many different types for example extended arm,
bridge, monorail and other special systems. Write
to ROBOTIC METALWARE, PO Box 66, East
Alton, IL 62024 or call (618) 259-1174.

PersonalRobots, Kits and Books at discount
prices. Cal-Robot, 16200 Ventura Blvd., Suite
#223, Encino, CA 91436, (818) 905-0721.
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The Second International
Personal Robot Congress
& Exposition

September 6-8, 1985
Moscone Center
San Francisco, California

Plan Now
to Participate

Conference
Sessions

Exhibits

FOR COMPLETE
IPRC '85 DETAILS,

CONTACT:

IPRe '85 will be an extraordinary gathering for everyone
interested in personal robots! The world's leading
personal robot manufacturers, developers, component,
suppliers, educators, software writers, hobbyists,
journalists and enthusiasts will build upon. the.excltment
generated at IPRe '84 in Albuquerque. Last year the
industry showed that the fantasy of personal robots was
becoming reality. At IPRe '85, you'll see the fantasy
taking form!

Make your plans now to exhibit, give a presentation, or
attend IPRe '85 in San Francisco. Here's just a few of the
exciting activities planned:

• Robots in Space ,
• Business Opportunities
• Educational Robots

• HumenServices
• Hardware Design
• Software Design

• Commercially Available Personal Robots
• Creations by PersonalRobqt Deve!ope(s
• RobolPing-Pong Demonstrations
• Art Show
Plus special award ceremonies, keynote speeches, and
other unique activities.

National Personal Robot Association
P.O. Box 1366
Dearborn, MI48121

Telephone: 313/271-7800

Sponsored by National Personal Robot Association and
Robotic Industries Association.

Circle 11



In fact you can apply a single Jt\pe 90 machine vision
instrument on all of the above example tasks in less
than 20 IT)inutes.Then dependiog on your application
have the same APP 90 ~erfOrm each in 20 milliseconds
without subroutine loading or any other overhead
delays.
How does the APP 90 perform at this
higb level? .
By hardware not software. The APP 90 does not use a
computer ruoning user generatea programs. Instead
the APP 90 is an adaptive bardware instrument with
more application flexibility than software bases
systems. It operates by converting images into
:epresentative values which are labeled ani:l stored in
memory. With subsequent appearances of those
"trained" images, the APP 90 simply responds to the
inquiry with an appropriate output of information.
"Whyaninstrument and nota system?
PPT already markets a complete vision system, the
APP 200, which includes external control and
communication capabilities. But a growing number of
users, developing their own elM systems, only require
an "intelligent sensor" device in order to add vision to
the system. Our vision instrument will eliminate a
redundant processor and programming ..,..
Will the APP technology fit
..you rCiPplicatipQ1n'2. ......../2. . .
." "The only true test of any machine vision product is how

it will run your application. We'd like to show you the
APP in action. If you are interested send for an
applications fnformatlon. form as the first step.

The APP 90

612 339·8488Circle 17


